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MEMBERS OF THE ENTOMOLOGICAL SOCIETY OF AMERICA AND GUESTS 


This historic meeting, the first annual meeting of the new Ento 
mological Society of America, is a happy occasion. The wishes of the 
majority of our fellow workers have brought together, through con- 
solidation, our two great organizations of the past, the American 
Association of Economic Entomologists (1889-1952) and the Ento 
mological Society of America (1906-1952), into a single new Society 
whose interests and work will cover all phases of entomology. I think 
it is fitting that such union take place as we enter the second century 
of professional entomology in this country. In the years that have 
passed, entomology, under the leadership of the men who founded 
and promoted our two beloved professional societies, has made it 
fair share of contributions to our national welfare As we enter the 
second half of the twentieth century, with its present great struggle 
between two strong ideologies for the allegiance of the hearts and 
minds of men everywhere, we in entomology can share the satisfaction 
that our greatest contributions to man’s well-being lie in the year 
ahead. The full realization of this great service rests in a large measure 
with the members of the Entomological Society of America. I earnestly 
hope that our dedication to duty will make the profession and our 
Society truly great partners cooperating with other sciences in serving 
the welfare of mankind everywhere 

During the past year, I have enjoyed meeting with you at the five 
Branches of the ESA, and discussing some of my ideas about the 
significance of the new Society. The most heartening of all tribute: 
to the new organization is the requests of more than three thousand 
men and women for active membership. These entomologists liv 
not only in the United States and Canada, but in many countries of 
the world. As President, I feel !:onored to speak on 1s memorable 


occasion. 
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in this living world. Its rapidity 
sometim is Irigntening, yet W ritness the increasing tempo of events 
that surround us with a realization that we cannot withdraw—we are 
part of them. Perhaps our greatest hope for offering guidance 
in this changing world is through a better understanding of the funda- 
mental principles that direct the activities of living things 
modern synthetic organic inse 

field h tr hat the balance in nature ' 
fixed or sti her is a dynamic, moving balance brought 
of physical and biological 
stantly changing balance in 
nature challenges man’s ability to cope with it. The problems assoct- 
ated with population dynamics in the insect world have attracted 
rest of most workers in the profession. Insects are particularly 
well adapted to rapid reproductio: Their small size, their omnivorous 
food habits, their versatile manner of producing offspring, their 
tremendous reproductive potential, ever combine to utilize favorable 
environmental conditions to produce added populations that clamor 
for food. If insects seek food or fiber that is of interest and value 
to man, they becor ; they transmit pathogens that produce 


disease in n inim: and plants, they also interfere with man’s 
1 


well-he Ing Muc h has bee ft) said abr ut the continuous conflict between 


man and insects, yet the importance of the conflict increases daily as 
the upswing in human populations in all areas of the world demand 
food and fibers as well as protection from insect-borne diseases. The 
changing demands of the organic world seem inextricably interwoven 
with the struggle for food. A century ago, state and federal authorities 
in the United States recognized the necessity for public support of 
ways and means for combatting injurious insects. Within the exper- 
ence of the past hundred years, many things have been learned which 
form the foundations of our present-day effort to combat insect losses, 
yet in reality as one of our patriots said during the heat of battle, 
‘“‘we have only begun to fight.’’ May we look briefly at some of the 
different aspects of entomology that today are receiving the efforts 
of its workers? 

For several centuries, the natural history and descriptive phases 
of entomology have attracted the interests of many capable men 
The present estimates of mort than SO00,000 species ol insects that 
have been described attest to the continuous effort of the taxonomists 
in collecting and studying our insect fauna. The job is only started 
Vast areas of the earth’s surface have not been surveyed; new species 
even turn up in our own backyards! The support for collecting, 
identifying, and publishing the results of these investigations is indeed 
nadequate I have no ready solution for the problem, but it is one 
that must be met through the continuous efforts of all who are interested 
in the welfare of entomology. A knowledge of our insect fauna in al] 
areas of the world not only furnishes the student of classification 
with a clearer understanding of phylogenetic relationships, it provides 
the basis for seeing evolution at work Identification of a species 
is essential to workers in applied and regulatory fields since with proper 
identification comes the key to the accumulated knowledge that may 
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be filed in the literature of entomology. It is gratifying to see some 
support coming from foundations and government programs that wil 
aid taxonomic investigations. Offsetting this, is the major concern 
over lack of facilities for publication of important works. The cost 
of publication has risen so greatly in recent years that most agencies 
are unable to provide funds for large works in keeping with the avail 
ability of manuscripts. This concern should reach every entomologist 
because taxonomic research is important to him. It should be noted 
and appreciated that through world congresses and commissions, an 


international approach to the problems of zoological nomenclatur 


has provided the way toward unification of rules and procedures 1 
taxonomic work 

Along with the essential field of taxonomy is the need for support 
of the related work in comparative morphology, embryology and 
histology. The functional approach to morphology, and_ thi 
chemical studies of tissues wil! provide a basis for understanding 
function of cells, tissues and organisms 

Renewed effort to develop the important field of insect ecology 
has received stimulus from the use of new insecticides which hav 
disturbed balances and interfered with natural control of some speci 
Most certainly the addition of these powerful chemicals to the enviror 
ment constitutes a factor of importance that cannot be fully assayed 
in a short time. The importance they may pl: n destruction of 
some part of the food chain, and in breaking the pyramid of number 
of organisms contained in the food chain, is also of broad concern to 
entomologists as well as to field zoologists and conservationists. I refet 
again to the tremendous reproductive potential possessed by most 
species of insects, and once the checks and balance » are removed 
even temporarily, this potential becomes a functional reality. It 
should be noted that ecology plays an important role in international 
problems, as for example the explanation of the behavior and swarming 
of the different species of migratory locusts. The complicated environ 


mental and physiological effects that seemingly regulate the activities 


of some of these polymorphic species were capably outlined by Uvarov 
and Faure some years ago and have implemented progress in the study 
of locust problems since the key to their origin was discovered. Inter- 
national cooperation to prevent the ravages of locust invasions 1s 
another step toward elimination of man-made barriers in our dealing 
with insects. The development of several species of mites, aphid 
and other insects as pest problems, as the result of the use of insecticide: 
to control other species, is already cause for concern. Much has been 
taken for granted regarding the importance of natural control of insects 
by disturbing it we see what nature is doing and appreciate the tre 
mendous task of population control that can be ascribed to natural 
factors 

Recently Patton' pointed out that an explanation of abnormal 
function in insects 1s handicapped by a lack 
function. It was not too many years ago t 


f knowledge of normal 


( 
1 
I 


iat the departments of 


‘Patton, R. L. Invitation Address, nt Protection Society of Quebe: 
April 21, 1953 
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entomology at lowa State College and the Unjversity of California 
were the principal ones in this country that provided instruction and 
research opportunities in the field of insect physiology. Yet public 
realization of the importance of this field came only when several 
of the new synthetic organic insecticides failed to control insects of 
importance to agriculture and public health where formerly their 
control was spectacular. Although funds are available from the 
defense effort and other sources for application to this baffling problem, 


we lack sufficient trained workers to attack the field in force, and we 
lack institutions equipped to handle such staffs were they available 
Fundamental research is costly, time consuming, and affords little 
opportunity for accurate forecast of when meaningful results can be 
expected. Yet our future welfare is firmly woven into its pattern 
Our ability to develop and use insecticides effectively is dependent 


on progress in, and understanding of the physiology and biochemistry 
of insects. I think that the field of insect physiology illustrates, too, 
the intricate and essential ties that entomologists have developed 
with other fields of science. The broad field of chemistry and in 
particular biochemistry as well as biophysics and mathematics are 
areas of support for research in physiology. Physiological research 
is a slightly different problem for the average entomologist, because 
he is dealing here with activities he cannot see and describe in terms 
that to him are conventional. It is the teamwork approach to basic 
research that characterizes the research of entomologists in many fields 
today, and most certainly it will expand in that direction in the future. 
It is for this reason that the graduate student and his advisors are 
hard pressed to include, during the short years of graduate study, the 
training that will be essential for a lifetime of productive work. With 
this cooperative approach, the entomologist is expected to uphold 
his end of the contract in entomology, yet be familiar enough with 
his collaborators and their work to integrate and forward the program 
Although there is much discussion for the support of insect physiology, 
many administrative groups in our colleges and experiment stations 
still find it easier to get funds for preventing the losses caused by insects, 
rather than to establish and maintain an objective long-range program 
of research. The seriousness of insect resistance to insecticides, how- 
ever, is closing the ring and may provide the opportunity for support 
of basic physiology, biochemistry, and genetics of pest species. The 
fascinating studies of the physiologists on the effects of hormones and 
enzymes on metamorphosis, metabolism, growth and reproduction in 
insects are as intriguing as they are important 

No discussion of essential research in entomology is complete 
without a look at the beneficial insects. Fortunately there are many. 
As previously indicated, we find out every year, through upsetting 
natural balance, that natural control is taking place without our 
knowledge or consent. We have made spectacular strides in many 
areas of the world through the use of biological control measures 
No group, perhaps, deserves greater praise for its contributions than 
the men here in California Research is broadening our knowledge 
of biological control agents tq include the use of bacteria, fungi, and 


viruses, as well as insects and even vertebrates. Plant pests as well 
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as noxious insects themselves are being controlled by insects. Research 
with bees has shown their value to man is great in terms of honey 
and wax produced, but even greater is the benefit derived from them 
through pollination of crops for seed and fruit production. Studies 
on wild bees and other pollinating agents are revealing many natural 
benefits of which we were unaware. It becomes more evident, I think, 
that there are indeed few fields in which insects do not touch upon 
the welfare of man, either for gain or loss. 

As members of the Entomological Society of America, we must exert 
influence in stimulating and directing research in the various areas of 
fundamental entomology. The benefits will be enormous, yet the 
responsibility for obtaining support and directing the effort is definitely 
ours. Our greater responsibility to human welfare demands our 
vigorous support of and cooperation with related fields of science 
in forging ahead with expanded programs of fundamental research 
We will continue our support for programs involving the safe use of 
insecticides and up-to-date legislation dealing with pesticide registration 
and residue tolerances. It is to be remembered that from studies of 
insects, much has been contributed to research in other fields The 
fruit fly has become almost synonymous with genetics, and as a 
geneticist recently said, “look what genetics did for the fruit fly!”’ 
Animal nutrition, distribution, evolution of social instincts, the nature 
of the species, population dynamics, are but a few fields of broad 
biological interest that have profited from the use of insects as experti- 
mental animals. 

The concern over growing human populations has brought forth 
speculation of thinking men for centuries. Yet as the growth con- 
tinues, as the life span of individuals in many countries increases, the 
problems associated with food and fiber production as well as the 
protection of public health have become increasingly acute. Our 
agricultural economists estimate that our own population is increasing 
by 2 millions a vear By 1975 the population of the United States 
conceivably may be around 190 million people. Expressed another 
way, for every four people who sat down for a meal in 1950, five will 
sit down in 1975. The important question is how will that fifth plate 
be filled? De Graff? pointed out recently, that there was a 43 percent 
increase in our population between 1920 and 1950, yet the 151 million 
people in 1950 ate from essentially the same cropland acreage as the 
106 million people in 1920, and ate better. This is the commentary 
of what science already is offering the American people in terms of 
food production It is obvious that many factors and efforts con- 
tributed to this remarkable achievement, yet insect control can be 
singled out for its fair share of credit at almost any step along the 
way. The uphill struggle to produce more, at less cost, and with less 
loss to insect pests, is a mightly challenge for the future, yet I have 
every confidence that entomologists will do their job in contributing 
to the over-all well-being of our nation. The struggle is continuous 


2DeGraff, Herrell, What does science promise tor the American diet? 
Address presented at the 14th Annual National Farm Institute. Des Moine 
lowa. February 15, 1952 
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pests; most likely we will accumulate 


ors of diseas pathogens which cause losses of health, 


and life itself in plants, animals, and man are a constant 


1. welfare In the field of human health alone, Knipling* 
ed that 5,000,000 lives have been saved and 100,000,000 illnesses 
ed since 1942 by the use of DDT for the control of insects asso- 

ciated with malaria, typhus, dysentery, and other insect-borne diseases 
This indeed is a bright achievement of entomology in public health 
nd illustrates the potential responsibility the profession must fill in 
complex pattern of growing human populations. The incidence 
alaria in the United States is at an all-time low because of effective 
of entomologists and public health officials. I have seen the 
realism of survival in some of the under-privileged areas of 
world. It is little wonder that people without anything to lose, 
except life itself, will follow those who promise a better lot. I am 
convinced that the control of insects that destroy crops and transmit 
diseases can contribute materially to increasing food, fiber, and health 
of these pe ople s and in turn be of value toward reduc ing world tension 
It has been suggested that increased food production in many of these 
areas will result in increased population, and no over-all gain in living 
tandard: However, may we remember that progressive nations 
long ago found it wise to free a part of the population from the necessity 
of food production in order to make advancement in the arts and 
sciences Wi hall watch with much interest the international pro- 
grams of pest control which our government, the United Nations, and 
various nations and world philanthropies are conducting to raise 
the lot of those less fortunate than ourselves Insect control enters 
the plans of almost every agricultural and health program of inter 
national scope 
The United States Department of Agriculture estimates that we 
uffer losses from insects in our country amounting to $4,000,000,000 
annually and %$3,000,000,000 from plant diseases I feel that the 
Department is to be congratulated for its excellent presentation to the 
public of the work and effort of the fields of entomology and plant 
pathology through the 1952 and 1953 Yearbooks of Agricultur It is 
important to ask ourselves what the loss figures would be were not 
the best efforts of these two professions engaged in all-out programs of 
pest control? Would we be the best-fed nation with the highest living 
standard’ A serious appraisal of this aspect of the question will be 
made by two of our guest speakers later on this program. In the 
production programs of the American farmer, requirements for maxi- 
mum yields and minimum losses are economically essential. Consumer 
emphasis on quality produce imposes additional reason for pest control 
The use of pesticides has increased enormously in recent years, because 
of their value in minimizing losses from pests. The U.S.D.A. Bureau 
of Agricultural Economics estimates that American farmers are spend 
ing around $300,000,000 annually for pest control, an amount equivalent 


‘Knipling, Edward F. The greater hazard—insects or insecticides, Journal 
Ent 1): 1-7. 1953 
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to one percent of the value of farm crops. The agricultural chemical 
industries of the nation spend an estimated $8,000,000 annually on 
pesticide research to provide new and more effective chemicals for 
agriculture and public health. In addition, members of the National 
Agricultural Chemicals Association are supporting research in colleges 
and experiment stations. Recent figures indicate that S meml 

companies in 1952 provided a total of 48 fellowships at a cost of 
$102,500. Cooperative research grants, including money and chemical 
from 16 companies, involved $87,750. The entomologists appreciate 
the help and cooperation of the chemical industries. We also appreciate 


S 


the agricultural press which has aided in distributing up-to-date informa- 
tion to farmers and others concerned with insect control 

Mention has been made of international cooperation in various 
phases of our science. The ‘one world”’ approach to all aspects of 
entomology is rapidly becoming a reality and in fact is the only sane 
method to follow. During the past fifteen months, I have been privi- 
leged to travel some thirty thousand miles to England and France, 
Centra] America and all parts of the United States in attending ento- 
mological meetings. Fortunately, there are no territorial boundaries 
to the exchange of entomological information throughout the free 
world. The exchange of students and professional workers increases 
the opportunity for clear understanding of problems and _ interests 
International congresses and meetings as well as international business 
In pesticides and applic ation equipment serve to secure the benefits 
for many areas that our knowledge and materials can provide. The 
revolution that European scientists began in the field of insecticide 
chemistry has touched off an entirely new day for applied entomology 
It has also created new problems for those working in fundamental 
fields. Is it any wonder that an entomologist’s lifework 1s never dull! 

Any organization with more than three thousand active member 
should be handled on a business basis. I am happy to say that the 
Interim Board has selected Dr. Ashley B. Gurney as the Executive 
Secretary of the Society; with a full-time executive, many of the benefits 
of the merger can be realized. During this transition period in 19538, 
committees studying numerous problems that have a bearing on the 
efficient operation of our organization, have provided reports for 
formulation of Society policies. I have invited the members of the 
incoming Governing Board, as well as the Chairman of the Branches, 
to meet with the Interim Board to provide the best judgment available 
in establishing our policies and to avoid any loss of time in becoming 
familiar with Society business. May I acknowledge again my deep 
appreciation to everyone who has he Iped this year With th strong 


feeling among the membership for the welfare of our profession and 1 
8 t 


national Society, there can be no doubt as to the future grea 
Entomological Si 1ety oj America 

In general terms, I have tried to indicate th 
developed from its natural history and descriptive beginnings throug] 
the comparative phases of its work and that, with support of privat 
and public funds, all of the phases of fundamental and applied 
entomology have expanded into national prominen¢ taunch 


support by farmers of the nation tl rough the era « 
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from the days following the Civil War, to the present, is praiseworthy 
The growing complexity of the profession requires integration and 
cooperation with many other fields of science and industry. The 
need for maintaining a strong leadership in entomological research, 


control, and regulatory work in our national government must ever 
be brought before the administrators responsible for the profession’s 
welfare in the Department of Agriculture. The key to future gains, 
and our ability to serve, lies in the support and conduct of basic research 


in broadest terms for all aspects of entomology. The entomologist 
can no longer withdraw from his obligation to share his knowledge 
about insects with the public who must be informed if it is to support 
him adequately. Entomology’s stimulus, its challenge, is that tomorrow 
always offers a greater opportunity to serve than today. It is con- 
tantly assuming greater importance as civilization progresses and as 
populations increase Men and insects will always engage in competi- 
tion. Yet the thrill of seeing a butterfly emerge from its chrysalis, a 
dingy dragonfly nymph crawl from its muddy shoal to transform 
into a gorgeous creature that will share another world—these, too, are 
the experiences that cannot be forgotten by the men and women who 
love the world of insects There are many tacets to the picture we 
call entomology. Truly, those who enjoy it, who work and revel in its 
interests find it not only a profession, but a grand way of life. Long 
may they live and serve their fellow man! 





BIOLOGY OF AN ALASKAN MOSQUITO, CULISETA 
ALASKAENSIS (LUDL.) 


C, FROHNE! 


In a recent study of Culiseta impatiens (Wlk.) the stages of (¢ 
alaskaensis were frequently encountered (Frohne, 1953). In fact, the 
two species have similar biologies and often occur in the same habitats 
in the Upper Cook Inlet region, Alaska. Their life histories differ 
ey from those recognized lor temperate Zone mosquitoes, 
resembling most the Culex pipiens type of life cycle (Bates, 1949 
Recognizing that the differences from that well known cycle are funda- 
mental, and believing them to be shared by at least one sub: irctic spec ies 
each of two other culicid genera, a new life-history type, the coo 
impatiens ty pe of life cycle, wi is propose ‘ for allsuch subarcti mosquitoes 
a previous paper (Frohne, 1953). The essential common characteristics 
in biologies of this type are obviously adaptations to the far northern 
climate. There is one brood annually, the females of which mate the 
first summer. Then, so far as is known, they invariably enter a very 
long diapause, oviposit during the following summer and die at last 
about a year after emerging from the pupa. This sex is thus obligatorily 
biennial! whether the individual females emerge in June, midsummer, 
or not until September. A striking phenomenon during the spring 


breakup of many northern regions is the sudden appearance of hordes 
of the large and vicious hibernators (females of certain species with 
this type of life cycle) which are seeking blood even before the snow 


cover has melted. 

Culiseta alaskaensis is a holarctic species, peculiar to wooded, sub 
arctic regions primarily, with incursions in small numbers into colder 
especially mountainous, regions to the southward. In North America it 
ranges across Canada from British Columbia to the province of Quebec 
(Jenkins & Knight, 1952) and southward into some of the Rocky 
Mountain states. In the Old World it is known from Northern, North- 
eastern, and Alpine Central Europe; and from Siberia and the Caucasus 
Mountains in Asia. Over most of this vast range it is reportedly an 
uncommon species; for example, Rempel (1950) for western Canada 
says “‘it does not appear to be common in any area,” and Natvig (1948) 
in 21 years’ collecting found only two Norwegian larvae. In Alaska, 
however, the species is common or abundant apparently over much of 
the Interior south of the Brooks Range and along the Pacific Coast 
at least from the mouth of the Yukon River (Berg, 1951) southward 
to Haines. 

METHODS 

The field and laboratory data on alaskaensis were obtained as des 
cribed in the previous paper on impatiens, (Frohne, 1953) to which 
reference will be made repeatedly in this paper without reiteration of 


1Arctic Health Research Center, Public Health Service, Health, Education 
and Welfare Department, Anchorage, Alaska 
9 
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the source. Unfortunately, it has not yet been possible to induce ma 
and to colonize alaskaensis. However, rafts were obtained in the 
oratory and the periods, including engorgement to oviposition, longevity 
of hibernators, ctc., were studied with captive hibernators in small, 
screened cages. When the microhabitat for mass oviposition was found, 
spot characters for identifying alaskaensis rafts were soon worked out 
Thus in 1951 it was practicable to hatch and rear the species in quantity 
from wild eggs. Larval rearing technics successfully used with impa 
atiens worked nearly as well for alaskaensis. The adults secured in this 
way were not robust, however, and ordinarily did not copulate. Pond: 
with alaskaensis in pure culture and at high density were sought fruit- 
lessly for two vears in the Upper Cook Inlet. Meanwhile the separation 
of alaskaensis from impatiens larvae was found to be tedious. Errors 
were also made which could not always be corrected easily later on, 
especially as some of the adult males of alaskaensis had inconspicuous or 
no tarsal rings. Recourse was finally made to collection of large larva 
and pupae at Mile 172 (from Anchorage) Glennallen Highway where 
about 6,000 large alaskaensis larvae and pupae were netted with th 
screen-bottom bucket Data on prevalence and dispersal of the 
hibernators are based on 1950 landing rates (Frohne, 1951) and on light 
and fan trap collections of May and June, 1951, which proved that thi 
stage of alaskaensis not only disperses widely on the ground level but 
also occasionally flies as high as 100 feet. (Collections were made from 
the Civil Aeronautics Administration towers at the 100 foot elevation 
Identification of large larvae and adults was aided by the pullished 
keys (Matheson, 1929; Natvig, 1948; Rempel, 1950), but none of them 
was entirely satisfactory for separating local alaskaensis and impatiens 
Rempel proved most useful though the alaskaensis larva he figures ha: 
similar upper and lower head hairs. Alaskan material has upper head 
hairs similar among themselves but contrasting with one or two much 
larger hairs of the lower tuft. Culisela larvae with one or two larger 
lower head hairs invariably produced alaskaensis adults in this study 
The form of the species described by Rempel may also exist in Alaska 
Larvae of this description (“head hairs short, multiple; upper head 


re ” 


hairs with 7-10 branches, lower head hairs with 8-5 branches’’) ocea 
sionally appeared among normal impatiens larvae reared from known 
impatiens rafts. Adult females were easily separated by the wide 
white tarsal rings of alaskaensis; but these rings are sometimes reduced 
to a few scales or are entirely absent in male alaskaensis which can 
however, be easily distinguished by the spines of the 8th segment; few 
in alaskaensis, many in impatiens 


SEASONAL HISTORY 

The annual cycle of alaskaensis in the Anchorage area is remarkably 
uniform from year to year. However, the variable growth rates found 
in laboratory rearing occur in nature also, so that it is better to speak 
of a preponderance of stage rather than a sequence of stages, except 
for winter and spring. The periodicity is characterized by: (1) the 
punctual appearance April 9-15 of the hibernators; (2) oviposition 
en masse in sheltered ‘‘nests’’ formed by entangled dead Carex plant 


May 8-18; (3) a succeeding period of 5 to 6 weeks of increasing 
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divergence of larval sizes until, from the middle of June to the middle 
of July, there is a chaos of stages, viz., late eggs, larval instars, pupae, 
females of both the current and the preceding summer, and males; (4 
disappearance of hibernators and new rafts in late July and early August; 
(5) disappearance of small larvae in early September; and (6) disap- 
pearance of large larvae and presently of pupae; then finally (7) disap- 
pearance of adults after mid-September. The preponderant immatur 
stage at a given date may be determined by using graph I and table | 


Loge ther 


TABLE I 


SCHEDULE OF STAGES, C. alaskaensis 


Event Days after oviposition 


Raft Laid 

Hatching 

Molt to Second Instat 
Molt to Third In tar 
Molt to Fourth Instar 
Molt to Pupa 

Adults Emerging 


SIN WON uUS 


Own 


It has not yet been positively proved for alaskaensis, as it was tor 
impatiens that the female is obliged to hibernate or to undergo a dlia- 


pause of several months before she can engorge and develop ova, but 
there is little doubt that this rest period is obligatory. The hordes of 
hibernators seen in April undoubtedly represent a considerable part of 
the annual generation of that sex. The vast majority of the new adults 
emerge in a peak about the last week of June. Assuming that those 
females which emerge during June and July do not simply die without 
reproducing, they would be expected to deposit rafts about August 1-15, 
having engorged several weeks earlier. However, there is certainly 
no increase of biting in early July or of rafts in August. On the contrary, 
biting decreases steadily during May and June (Frohne, 1951), so that 
July rafts like July bites are scarce and an August raft or bite is great 
rarity 

The laboratory observations that the females entered a diapause 
for three months (until October 14) before awakening to engorge within 
a few days, though suggestive, are inconclusive because no laboratory 
female was known to have mated and none oviposited in 1951. Unless 
virgin alaskaensis in diapause are awakened and stimulated to engorge 
by other causes than are normal inseminated females, the facts observed 
are in conformity with the thesis that alaskaensis will not engorge before 
a diapause lasting several months or more. A single laboratory-reared 
female did, however, lay a raft in November, 1950, many eggs of which 
were successfully reared for checking the identification. It is concluded 
that females of alaskaensis, like impatiens, undergo an obligatory dia- 
pause of about nine months which includes a period of aestivation for 
most of the sex which emerge in summer. This period is limited to about 
seven months hibernation for late females emerging in the fall 
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When the quantitative data on rafts are considered, minor specifi 
differences between the periodicities of alaskaensis and impatiens in the 
Upper Cook Inlet are evident, e.g., that alaskaensis engorges first and 
oviposits about two weeks earlier. Most of this advantage, if such it 
be, is lost however, because alaskaensis has the longer average larval 
period by about nine days It is not improbable that these differences 
relate to the occurrence of this species inland at higher elevations where 
impatiens is virtually absent 


HABITS OF ADULTS 

The diverse observations of adult behavior may be summarized 
under: (1) Activities of males and young females, 7.e., Courtship and 
Mating and Feeding on Sugar Solutions; (2) Diapause, which has been 
noted under Seasonal History; and (3) Activities of Hibernators. Adults 
of different ages react to the same environmental stimuli, e.g., changes 
in illumination. While the actual behavior of adults so activated is 
characteristic of the sex and age, there are also some common activities 
like feeding on the sugar sOops and attempting to get throu;rh the screen 
of the cage. The diapause (age) completely separates the young females 
with mating instinct but lacking the blood-lust, from the old hibernators 
with their bloodsucking and ovipositing habits 

Courtship and Mating 

Efforts to establish a self-perpetuating colony of alaskaensis in 
1950 and 1951 failed when the species did not copulate in screened cage: 
Only one laboratory-reared female has oviposited. This individual 


produced fertile eggs in December 1950 in the open insectary and pre 
sumably mated there Dr. R. I. Sailer (personal communication, 1951) 
saw hovering of the males in swarms near Fairbanks, Alaska. Nothing 


like this has yet been observed in the present investigation 

Nevertheless, courtship behavior similar to the preamble to copula- 
tion in impatiens was frequently observed in brightly lighted small cage: 
which had either been held for several hours previously in weak light or 
kept dark. In July, 1951, over a period of about three weeks, com- 
parative observations of courtship in Culiseta alaskaensis, impatiens, and 
morsitans were made which probably indicate the relative degree of 
stenogamy of each. The numbers of adults were about 4,000, 20,000 
and 900 respectively, but the densities in the individual foot-square 
cages were usually much the same. There was no courtship activity 
in morsitans, though general activity, including feeding on sugar sops, 
was as great as for the other two species. Jmpatiens courtship, which 
was occasionally followed by copulation, was similar to and no more 
impetuous than the behavior of alaskaensis Sut the alaskaensis male: 
did not manifest clasping reactions or copulate in any of scores of court- 
ships observed 

In courtship the male alaskaensis crawled or flew to a female, followed 
her if she flew off, grappled at her thorax (venter) with his enlarged 
prothoracic claws and sometimes attached himself there. None was seen 
to manifest grappling reactions with the terminalia, and after half a 
minute or less the mating urge apparently weakened and he let go and 
left her Thereafter he rested or tried to es ape at the top ol the cage 
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Diapause 


Diapause is used here to indicate a long period of inactivity of the 
female which occupies mos the first summer ordinarily and all the 
succeeding winter of her Practically nothing has been learned 
about this compound aestivation-hibernation in alaskaensis to show 
whether or not it is a deep uninterrupted lethary and what its location 
may br But it is necessary (v.s.) to postulate the diapause as the 
implest, most probable explanation for the peculiar periodicity of thi 


in nature and for their behavior in the laboratory. In captivity 


young females were active only about two weeks while the males wer 
. 


present and attentive. Thereafter females squatted close against the 
cage screen or frame in a stance quite like that of hibernating Culea 
pipiens. If prodded they reluctantly shifted and if made uncomfort- 
able with a hot light bulb they took flight. Similarly they could be 
forced to change position in the cage by allowing all but one corner of 
the humidity towel to dry up. In 1951 eight probably virgin survivors, 
after about 95 days at room temperature, resumed activity and engorged 
but none lived to oviposit. It is noteworthy that presumably insemin- 
ated impatiens awakened and engorged the same week and similarly 
perished without ovipositing In November of the preceding year 
when laboratory colonized impatiens laid many rafts, an alaskaensis 
survivor of some reared pupae inadvertently misplaced in the impatiens 
cage, also oviposited. It had evidently actually mated and gone 
through its diapause in the insectary cage. The raft laid by thi 
female was also reared; the progeny were alaskaensis 


Feeding 

Sugar Solution 30th sexes sucked sugar sops, beginning about 
three days after emergence and fed intermittently on them until death 
(laboratory). Females in diapause were occasionally seen taking sugar 
suggesting that aestivation in warm weather may differ greatly in degree 
of lethargy from hibernation. Slices of oranges or apples were preferred 
to the cane sugar solution 

Blood Sucking. The habit 1s believed to be restricted to hibernators 
in nature. In the laboratory only eight females which survived about 
95 days awakened and engorged successfully; others died with or with- 
out attempting to bite after resumption of activities 1n mid-October 
1951. Although opportunity had been offered these females on alternate 
days for a month previous to awakening none bit until all eight did the 
same three days chosen by most of the impatiens which were handled 
similarly and also behaved similarly. Since these mosquitoes of both 
species died without ovipositing and were not dissected, it is uncertain 
whether they had mated. The quantitative field data like the labor- 
atory observations indicate that the young females do not bite their 
first summer and that the steady decrease in biting and in the number of 
new rafts in the field during May and June corresponds to the cumu- 
lative mortality of the hibernators 

The factors stimulating biting are probably complex. In the early 
spring alaskaensis prefers to bite in the bright sunshine. The survivors 
of late spring and summer, however, are apparently less avid and are 
chiefly twilight and in-the-dark biters. The wide range of air tempe- 
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ratures at the ground over which biting was observed in nature, (41°-70 
F.), or the probable optimal biting temperature range of 55°-05° F. as 
determined roughly in the laboratory, suggest that warmth is seldom 
the decisive determining factor for biting. Nevertheless, the landing 
rates over a period of a week of increasingly warmer weather in spring 
were observed to rise consistently (Frohne, 1951) even though the actual 
population on the wing, unfed, was presumably decreasing. The prefer 
ence for biting at rather low temperatures, however, may explain 1 
part the shift to night biting in summer. Interesting specific differences 
in biting rates were noted in areas where large populations of alaskaensis 
and impatiens hibernators occurred together. At Rabbit Creek colle 
tions were made daily in good weather for two weeks in late April and 
early May which showed: (1) alaskaensis bites earlier in the spring; (2 
there are alaskaensis days when it bites almost alone, and also im patiens 
days when few alaskaensis are seen; (3) most commonly both speci 
bite simultaneously, the proportion of either varying from day to day 
or even from hour to hour; (4) the locus of biting in a small, hilly, wilder 
ness area of about 10 acres also gave a different percentage of specie 
according to place, e.g. a large and dense Culiseta population was about 
90% alaskaensis on a gusty, exposed hill top whereas a much smaller 
population in the sheltered valley at its foot 150 feet below wa approx! 
mately 75% impatiens. Thus the factors influencing biting seem to 
differ slightly in kind or degree for the two species of Culiseta 

The observations on biting relate chiefly to wild hibernators held 
captive in the laboratory. They could usually be persuaded to engorge 
once during the week after capture, if not immediately, then by stimulat 
ing them with bright light and/or the breath. One in three or four 
would reengorge about three and a half weeks later, usually without 
having oviposited. At approximately 65° F., nineteen were timed on 
different occasions from the instant of inserting the mouthparts to their 
withdrawal when the insect invariably flies heavily away. The biting 
period of these captives ranged from 2.5 to 11 minutes, averaging 5.7 
minutes. The forehead is a preferred biting site in the laboratory as 
in nature, but those landing elsewhere on the skin usually bite without 
much preliminary probing or moving about {laskaensis, a very large 
mosquito, is a painful biter and it frequently attacks close to sensitive 
organs, especially the eyes. With impatiens, alaskaensis entered house: 
and places of business in Anchorage in May 1950, and the city resorted 
to a truck equipped with an aerosol dispenser of DDT. 


Ovi position 

The eggs are laid in characteristic rafts by the hibernators follow 
ing engorgement. This was studied with wild hiberators caged in indi 
vidual lots which had engorged the same day. The period between 
engorgement and oviposition so determined 1s highly variable and some 
times exceedingly long. Frequency Table II of 53 ovipositions of 1951 
indicates a range of 7 to 53 days and an average of 32.1 days. The 
contrast of this subarctic mosquito with certain tropical Anopheles 
which oviposit the day after engorgement is noteworthy. It is likely 
that the two rafts laid sooner than 15 days after engorgement in the 


laboratory belonged to females which had had an earlier blood meal i1 
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the wild. It was established that some hibernators would take an addi- 
tional blood meal befor ovipositing 

The long lapse after obtaining blood before laying might be due to 
low digestion of the blood at low temperature, but the seasonal data 
indicate that higher temperatures do not shorten this period. In fact, 
the 21 rafts of the frequency series which were laid in May (when most 
rafts are laid in nature) were produced an average of 21.7 days after 
engorgement whereas the 32 June-July rafts were laid an average of 38.9 
days alter engorgement Even in the laboratory May was cooler than 
June 


1 
| 
I 


TABLE II 


Cue NUMBER OF DAYS AFTER A BLOOD MEAL WHEN CAPTIVE 
C. alaskaensis HI1BERNATORS OVIPOSITED 


Number of Days Number of Rafts 
10-14 
15-19 
20-24 


25-29 


30-34 
35-39 
4()-44 
45-49 
50-54 


Two other factors appeared to have had more influence than low tem- 
perature in extending this period in the iaboratory: (1) unwillingness 
to oviposit in cages, for a majority of the blooded hibernators died with- 
out ovipositing although dissection showed the eggs had developed and 
there were viable spermatozoa in the spermathecae; (2) age, since the 
captive females requiring the longest period to lay after the blood meal 
were also the oldest mosquitoes. (The three instances exceeding 
50 days were among the last five rafts). Fortunately in this instance 
field data are helpful for it is certain that the earliest mass biting occurred 
about 31 days before the earliest mass oviposition 

I! mpatiens hibernators caged side bv side with alaskaensis were almost 
equally reluctant to lay in captivity, so that a majority died without 
ovipositing and yet most of the layers did so in 14 to 15 days and none 
more than 35 days after engorgement. It is thought likely therefore, 
that alaskaensis actually requires 1.5 to 2 times as long (21-30 days) to 
develop the eygs as im patiens 

Finger bowls containing pond water with soil added were evidently 
not satisfactory for oviposition, or possibly more space 1s desirable than 
the foot-square cages provide. In May, 1950, veritable flotillas of 
Culiseta rafts were collected from within the shade of certain dense 
clumps of dead Carex. When it was learned a year later that these were 
alaskaensis, further observations were made showing that almost all 
the rafts of this species in a particular pond are laid in a few clumps of 
sedge which can be pointed out by a practiced observer without 
actually seeing a single raft. In the small pockets arched over by the 





1954| Frohne: Biology of Culiseta 17 


enclosing emergent dead growth of the previous season, the rafts are 
often arranged in attractive rosettes formed of 4 to 12 separate rafts 
ordinarily each with the pointed end directed inwards For this 
reason bunches of dead Carex culms and leaves were placed in the 
oviposition bowls in cages with gravid females in an unsuccessful 
attempt to stimulate laying of caged hibernators. However, no more 
rafts were laid in bowls with the clumps than in others without them 


Longevity 

In the laboratory. Adults of both sexes of C. alaskaensis live rela- 
tively longer than most mosquitoes. The life span of the male in the 
laboratory was commonly two to three weeks for reared material. The 
oldest individual male lived 44 days. The laboratory longevity data 
for females are incomplete, i.e. much too short because dated females 
were not held over winter. Even those which came out of diapause in 
mid-October to engorge, died before it was time to oviposit About 50 
of these died at 15 weeks or less (of adult age). To oviposit once they 
should have lived about two weeks longer. Hibernators captured in 
nature in April and May lived one to three months in cages. They gene 
rally engorged after capture and about 20% laid, usually immediately 
before death. The oldest individuals presumably were those which lived 
until midsummer; the last one died July 20. It is thought probable 
some of these hibernators had reached a year of age as adults 

In Nature. Graph I, the annual cycle of alaskaensis, summarizes 
the longevity based on field observations. The peak pupal emergence 
period of females in 1950 came in the final week of June. The follow- 
ing spring the hibernators were abundant until about the last week of 
May. These data indicate a female longevity of 10 to 12 months. The 
percentage which survives this long and oviposits is conjectural. The 
August larval collections do not support considering emergences later 
than July, which are relatively few, as comprising any considerable part 
of the annual production. If July emergences are assumed (without 
basis) to survive better than the heavier June emergences, the July 
females would still be about ten months old th« following May at peak 
oviposition time. On the other hand, the scattering stragglers, hiber- 
nators which engorge and oviposit in July and rarely even in August, 
are possibly 13 to 14 months oid. (The reasons for discounting the pos- 
sibility that alaskaensis might engorge and oviposit the summer they 
emerge are evident, too, in Graph I and they will be reviewed in the 
Discussion. ) 


AQUATIC STAGES 


Habitats 


Like Culiseta impatiens, with which it is usually associated in the 
Upper Cook Inlet breeding ponds, alaskaensis occurs in diverse aquati 
habitats. These may be very generally characterized as permanent or 
long-standing lenttic waters. Excepting some differences in the distribu- 
tion of the larvae, which will be noted presently and which are chiefly 
quantitative, the description of the larval habitats of impatiens in the 
previous paper is applicable to alaskaensis. Mosquito iarval distribut- 
ion, as has been observed by malariologists, is largely determined by 
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he ovipositing female. This is th ise witl alaskaensis 


impatiens. The alaskaensis habit eggs in the shelter of 
] } t 


plants, especially of dead Carex, is obviously related to predominance 


of that species in narshes and to its uncommon occurrence in all 
open, man-made excavations where vegetz s scanty or absent and 
where impatiens larvae may literally teem n the region studied the 
almost invariably provide satisfactory 
for both speci Determination of the species 

nw g the latter half of June and in 

July, since May counts favored alaskaensis, August counts impatiens 
Culisela morsitans was sometimes present as well as its two congeners, 
even predominating in ‘tain ancient Myrica-sphagnum coastal bogs, 
i type of larval habitat overlooked by Jenkins (1948) which is of minor 


the 


was dor y dipping durit 


importance for alaskaensis or impatiens but produces nearly 
morsitans in the Upper Cook Inlet region 

The larval distribution in varied fresh waters with from little to much 
organic matter suggests that organic pollution would probably bi 
tolerated by atuskaensis but that salinity would not be. The particular 
pond from which the wild larvae were collected in quantity was foul- 
melling and almost colorle: Many others, especially bogs and Carea 
marshes, were tea-colored with colloidal organic acids As to saline 
larval ha , rafts were occasionally collected from the freshest fringes 
of salt marsh 1 the spring. -In late July these were flooded with 
Cook Inlet water (1,000 parts free chlorine per 100,000 or 50% of sea 
water No larvae were dipped from such salt water, however, and 
the earlier rafts had been laid in snow-melt water with only 10 parts 
chlorine per 100,000. Furthermore, after flooding, rapacious throngs 
of the stickleback, Gasterosteus aculeatus L., and its fry dominated the 
ame areas. Actually no Culiseta larvae of any kind have been col- 
lected in this study in water more saline than 25 p.p.h.t 

Organic Pollution. In the laboratory rearing data also suggested 
a high degree of tolerance for organic pollution by all aquatic stages 
except the newly hatched larvae A proportion of second stage or older 
larvae placed in foul water consistently survived to pupate provided 
heavy films or low surface tension did not interfere too much with their 
reaching the air In foul pond water, which was added to but not 
changed during 30 days, a few surviving first stage larvae grew to the 
third stage. Since changing the water every few days so as to keep it 
fresh increased survival greatly but still did not produce robust adults 
as a rule, it was tentatively concluded that the rearing technic was 
unsatisfactory in some way not directly related to pollution, fouling, or 
high organic content of the water 

Salinity Tolerance. Salinity tolerance was also tested in a pre- 
liminary way with larvae of various stages in the laboratory. Pond 
water was salinified with Upper Cook Inlet water which was titrated 
for chloride with silver nitrate after adding test larvae. The initial 
salinities increased by evaporation so that a terminal titration (in 
parentheses in the following series) was necessary: 20(22); 32(49); 
37(40): 51(70): GS(96);: 7OCS7): 85(120): 210(390);: 300(440): 412(630): 
HO00(7 90) : p.p h.t Up to about 70 p.p h.t. there was partial survival 
for more than 96 hours of second and third stage larvae, but the first 
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and fourth stage died out entirely within 24-48 hours. No stage molted 
successfully in water more salt than 50 p.p.h.t. (In contrast, Aedes 
impiger (Wlk.) and punctor (Kirby) larvae and also pupae molted and 
the larvae grew with increasing mortalities in the same vessels wit! 
salinities up to about O00 p p h.t. or ten times as saline as that tolerated 
by alaskaensis. In the fresh-water controls the Culisela larvae survived 
better than the Aédes.) There is no indication here that alaskaensis 
shares to any considerable degree the capacity of its Europea 


relation, C. annulata, (Schrank), to breed in brackisl 


Eggs and Rafts 


The rafts of alaskaensis are apparently new to science although th 
general description of the rafts of impatiens in Howard, Dyar, and Knab 
(1915) tempt one to suppose an error was made in which an alaskaensis 
raft collected with impatiens larvae, was mistaken for impatiens. Pro- 
bably alaskaensis rafts have been overlooked or not properly associated 


+ 4 


because of the hidden egg-laying microhabitat, the extended lapse bet 
71% 


, - , | 9 ] 
ween engorgement and oviposition, the reluctance of captive females to 


TABLE III 


FREQUENCY DISTRIBUTION OF NUMBER OF EGGS PER RAF1 
IN 58 UNFRAGMENTED Rarts LAID IN THE LABORATORY 
BY CAPTIVE C. alaskaensis HIBERNATORS 


Number of Eggs Number of Raft 
75- 99 ' l 
100-124 9 
125-149 9 
150-174 4 
175-199 
200-224 10 
225-249 4 
250-274 % 
275-299 | 
1 


300-325 


5&8 


Oviposit, or if they are reared to mate, the long obligatory diapaus« 


required by those which have mated before they will lay In the region 
of this study alaskaensis rafts have only to be distinguished from 
impatiens which can be done with the diagnostic key in the impatiens 
paper. They should not be liable to confusion with the only other 
mosquito raft known to occur locally, viz., Culex territans, Wik., the 
eggs of which are grey unicolor, sharp-pointed it the upper (posterior) 
end and without a frill near the lower (anterior) end 

Descriptions. The rafts of alaskaensis are large and show consider- 
able spherical curvature, which raises the ends of an arrowhead or falling 
drop outline boatlike from the water. The eggs are conspicuously 
striped transversely, there being ordinarily three tan annular zone: 
(stripes) between four dark-brown ones. Eggs are commonly several 
microns more than a millimeter long. Although the raft of alaskaensis 
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is much larger than the typical impatiens raft there is a good deal of size 
variation as shown by Table 3, the frequency distribution of number of 
eggs for 58 laboratory-laid rafts of 1951. The average number of eggs 
is 183, and it is believed that rafts with less than 100 eggs are invariably 
incomplete. The largest rafts, comprising over 300 eggs, were rare in 
the laboratory material but were not infrequently collected in the field 
in May. In the laboratory, rafts about as large as those of May were 
laid later in the season (June-July), although the egg-developmental 
period, or more precisely the time from engorgement to ovipostion, was 
much longer later in the season 

Incubation and Hatching. Table I, the average periods in the 
immature stages indicates that hatching occurs about 4.5 days after 
oviposition. This is the incubation period at 60°-70°degrees F. which 
is probably in the optimum temperature range. This was determined 
from 71 rafts collected twice daily in the laboratory and hatched in 
indivivdual dishes. A few rafts held at 45°-55° F. hatched in eight to 
nine days; some kept just above freezing died. 


TABLE IV 


FREQUENCY DISTRIBUTION, NUMBER OF Days OF LARVAL 
Lirk, C. alaskaensis IN THE LABORATORY, 60°-70° F. 


Days from Hatching Number of Pupations 
20-21 | 
22-23 4 
24-25 10 
26-27 24 
28-29 15 
30-31 13 
32-33 19 
34-35 21 
36- 
38-3! 
40)“ 
42-4: 
44-45 
46-47 


The hatching process is similar to that of impatiens. The eggs, 
which are laid creamy white, undergo a development of color and harden- 
ing differing chiefly in the appearance of the stripes in alaskaensis. 
The larvae burst into the water as the chorion ruptures a little above the 
frill. When hatching is imminent some or all of the eggs show the dark 
eye spots near the frill, and the egg stripes become blotchy. Newly 
hatched larvae, initially almost colorless, darkened at the abdominal 
saddles, the tips of the antennae, the head capsule, and the air tube 
within half an hour 


Larvae and Pupae 
Instars and Stadia. Laboratory-reared and wild larvae occur in 
four instars separated by the head capsule widths, respectively 425, 650, 
950 and 1450 microns. In practice, the first stage larvae are recognizable 
unmistakably by the egg tooth. Table I gives the average duration of 
each stage determined from insectary rafts reared separately. The day 
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stated for a given molt is believed to be the most representative Exec pt 
ing the first molt (to second instar) which actually took place mostly or 
the twelfth day as shown, the day given in the table however, is only th 
middle point for a period of a week or more during which individual 
larvae underwent the molt in question, though hatched the same day or 
even sibs from the same raft. The topic of growth, molts, and instar: 
needs further investigation It appeared probable, for instance, that 
certain larvae skipped the fourth instar. Pupation was the most vari 
able as to time of all molts, i.e. the total days of larval life This is well 
shown in Table IV illustrating the accumulative individuality in age 
attained by time of ecdysis to the pupa of some larvae reared at 60°-70 
F. in a dark corner, which hatched the same day (May 16) in 1951 
Disregarding the earliest and straggler pupations of these 10 pans, thi 
pupal molt for comparable large numbers took place any time from 26 t 
13 days after hatching (June 11-28). The shortest larval period wa 
17 days! Furthermore, about 20 larvae of the lot were discarded alive 
July 2, or 47 days after hatching. Nevertheless, despite this variability, 
the range given in frequency Table IV is characteristic not only of 
laboratory rearing but of the cycle in nature in May and June when a 
common beginning point makes direct observation practicable (cf 
Graph I). There is about a month between the peaks of ovipositior 
and pupation. This is the average larval period; the individual larva 
seem to grow at just as variable rates in nature as in the laboratory 

The pupal period, 4 days for males and 5 for females on the average 
was determined from twenty pupae of two lots, one of wild larvae, the 
other of non-robust laboratory larvae In the same te mperature range 


impatiens pupae averaged 2.5 and 3.5 days before emerging, depending 
on the sex But one male alaskaensis emerged in 3.5 days while another 
took 8. More data might show that robust pupae typically emerge in 
less than 4 or 5 days. The male pupa which emerged after 8 days is 
noteworthy. Seguy (1950) considers the maximum normal pupal period 


for mosquitoes to be 5 days 

Habits of Larvae and Pupae. The activities of larvae and pupae of 
alaskaensis, like the habitats, are much the same as those of tmpatiens 
The following observations, if not peculiar to alaskaensis, are character 
istic of the species 

The first instar larvae disperse within two to three days after hatch 
ing, so that no concentration of them persists at the oviposition micro 
habitat. Unless the pond is little and the larvae abundant it 1s difficult to 
collect small larvae in quantity. In the laboratory crowding killed small 
larvae, e g. hatches from isolated rafts left more than two to three day 


lities These larva 


in half-pint jelly glasses suffered 50-90% morta 
favor the shelter of vegetation and feed and rest chiefly at or near the 
surface rather than the bottom of the pond 

Larvae of third and fourth instar are somewhat gregarious or appeat 
to be by choice of the same limited habitat. They gather in opening 
especially the largest in the sedge stands. Experience with the screened 
bucket indicated that about one-third of their number is ordinarily 
visible hanging at the surface; the others are feeding and resting, or 
molting on the bottom. As the first moving shadow strikes the water 
the larvae at the surface also duck 
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The pupae of alaskaensis average so much larger than impatiens 

at tentative field separations of species on size alone were almost 
invariably correct Pupae concentrate within the sedges bordering 
openings where aggregations of large larvae occur. When young they 
are also found in the open, and there are markedly fugitive, and if 
frightened use the paddles to anchor themselves among debris on the 
bottom. About two days before emergence of the adult, white M-shaped 
patches of air appear under the chitin of the dorsum of the thorax 
behind the trumpets. These patches, which may blur to squares or 
ovals, seemed to be diagnostic for alaskaensis. At any rate they char- 
acterized pupae nearly ready to hatch, virtually blind and convenient 


for pipetting into emergence dishes 


DISCUSSION 

The present pioneering study sketches the life cycle of C. alaskaensis 
in bold outline, leaving conjectural, however, the important adult 
microhabitats and the activities which take place there. Certain 
obvious adaptations to the subarctic, including: (1) single-broodedness; 
(2) the female an obligatory hibernator mating the first summer, engorg- 
ing and ovipositing nearly a year later; are characteristic also of C 
impatiens, Anopheles occidentalis D. & kk., and in part of Culex territans 
Wlk. in the region of the study. A new type of mosquito life history 
called the Culiseta impatiens type of life cycle (cf. Bates, 1949, 
p. 44-46) was proposed in the previous study of that species. It is a 
curious reflection on the immaturity of northern mosquito studies that 
no detailed biological study of far-northern species of this type had 
appeared so far as known prior to the Culiseta impatiens paper, although 
Wesenberg-Lund had named the parallel northern type of life history, 
the Aedes cinereus type of life cycle, which is also single-brooded but 
hibernates in the egg. Thus the present biology of C. alaskaensis is 


g 
of interest not only per se, but more especially as a second example of 
mosquito adaptation to the subarctic by conforming to this but lately 


recognized type of life cycle 

It is of interest to consider the origin of mosquitoes sharing this type 
of life cycle We are indebted to Natvig (1948) for an extended con- 
ideration of the distribution of Fennoscandian mosquitoes, including C 
alaskaensis. He concludes among other things that alaskaensis and 
Culiseta bergrothi (Edwards) are pristine subarctic species which prob- 
ably survived north as well as south of the Eurasian Pleistocene glaciers 
and has named them ‘‘archiboreal species "In North America the dis- 
tribution data for impatiens indicate it, too, like alaskaensis, is an 
ancient subarctic species. Other mosquitoes which have adapted to the 
north by assuming the C. impatiens type of life cycle have presumably 
invaded the subarctic more recently and in all probability, invariably 
have their centers of distribution in the north temperate zone where 
they are double or many-brooded Among these immigrants from the 
south are some species of mosquitoes not well adapted to the subarctic 
which show apparently incipient stages of that adaptation in the coldest 
parts of their ranges. An especially interesting example is Culiseta 
annulata, a species which is many-brooded in southern Europe, North 
Africa, and Palestine, but which is supposed to be single-brooded in 





1954] Frohne: Biology of Culiseta 


Central Norway, double-brooded in Southwestern Norway. The single- 
brooded form cannot altogether qualify as exhibiting the Culiseta 
impatiens type of life cycle, however, because both sexes are reported to 
hibernate! It is reasonable to suppose that Anopheles occidentalis and 
Culex territans, when they have been thoroughly studied in Alaska will be 
properly described as ‘‘immigrants from the south.” And Culiseta 
incidens (Thomson) in Southeastern Alaska which has not yet been 
studied there may either have acquired the typical C. impatiens type 
of life cycle, or be double-brooded, or even demonstrate hibernation of 
males like annulata. 

A review of the evidence scattered through this paper indicating 
that the females of alaskaensis are actually obligatory hibernators wa 
promised under Longevity. These data may be consulted in Graph | 
and the appropriate sections within the parentheses closing the following 
prope sitions: (1) Laboratory-hat« hed females did not engorge for about 
three months (Blood Sucking); (2) Biting reached a nadir in summer 


t 


when mated young females became most numerous and it did no 
occur in fall (Seasonal History); (8) The amount of biting was usually 
roughly proportional to the estimated unfed population of surviving 
hibernators (Seasonal History, Blood Sucking); (4) Mass occurrence 
of rafts in nature followed mass biting by about 382 days, the 
determined average period for egg development (Oviposition, Table I 

(5) The June peak numbers of large larvae was followed by a steady 
uninterrupted decline (no later peak), and delayed larvae and late raft 


f straggler hibernators adequately account for Augusi-September 


{ 
larvae (Seasonal History, Instars and Stadia); (6) The field pupal data 
confirm the prevalence curve for the large larvae (Seasonal History, 


Table IV). 


SUMMARY AND CONCLUSIONS 


An account is given of the biology of Culiseta alaskaensis (Ludlow) 
observed in the Upper Cook Inlet region, Alaska and in the laboratory 
The mosquito is single-brooded and the females are obligatory hiber- 
nators living about a year. They mate the first summer and engorgs 
and oviposit the following spring. They exhibit the kind of subarcti 
mosquito life history which has been called the Culiseta impatiens type of 
life cycle in a previous paper. Habitats and activities of immatures and 
adults are discussed 

The serious pest pr yblem caused by alaskaensis can be abated locally 
by adulticiding 

The effectiveness of larviciding a year in advance would depend on 
the species’ flight range which is unknown. Economical control in 
regions with limited breeding areas might be achieved by a modicum of 
knapsack spraying in late May limited to a radius of a few yards adjacent 
to oviposition mucrohabitats 
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MOCTAL BEHAVIOUR IN ANIMALS, by N. ‘TINBERGEN. Pp. xi+150, 67 fig 
Methuer 1 London, and John Wiley and Sons, New York, 1953 
Price, $2.5 
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NEW NORTH AMERICAN TABANIDAE (DIPTERA). 
VI. DESCRIPTIONS OF TABANINAE AND NEW 
DISTRIBUTIONAL DATA' 


CORNELIUS B, PHILIP? 


This paper provides data on Nearctic Tabaninae which have accumu- 
lated since publication of Part II of this series. Description of a related 
Mexican species found among the cotypes of Tabanus laticornis Hine 
and new Nearctic distributional information are also presented. Types 
of all species described ex¢ ept Hybomitra mima are in the collection of 
the author. 


Tabanus guttatus Wiedemann 1828 
This name of a presumed Nearctic species is a primary homonym 
of Tabanus guttatus Donovan 1805 (since transferred to Erephopsis 


I 
Wty 


Pangonia) from Australia. Wiedemann’s species is among those listed 
by Stone (1938) as unrecognized, and repeated efforts of the writer to 
determine if the type is still extant in Halle, East Germany, have been 
unsuccessful. It was originally in Germar’s collection in the University 


1 
1] 
i} 


Zoological Museum. If the species is ever recognized, it will need a new 


name unless it is a synonym of an older species 


Tabanus nefarius Hi 

Specimens of this species have remained very scarce since origizal 
description, and heretofore were found only in southern Louisiana. 
It is a surprise, therefore, to learn of two specimens reported by Schom- 
berg (1952) from Fred, Texas, 16 October, 1952 One of these provided 
by the collector shows enough divergence from a typical Louisiana 
specimen to warrant further comment. The body and appendages are 
enough darker in the Texas specimen that at first glance it would be 
associated with the 7. sulcifrons complex, and the narrow front with 
T. abdominalis. 

The front and callosity are essentially the same as 7. nefarius from 
Louisiana though the callosity is darker chestnut brown. The antennae 
are the same shape, but they and the femora are more brown. The 
palpi are dull reddish with more black hairs. The fore coxae are less 
reddish because obscured by a heavier gray pollinosity. The thorax 
is less reddish, more cinereus, and the scutellum has more black hairs 
on the disc. The wing spots are darker. The abdomen is darker, 
especially the venter and last five tergites which are predominantly 
black haired, and therefore the row of white triangles is accentuated; 
these, however, are the same size and shape. The first two tergites are 
brownish yellow rather than bright reddish. The hind-tibial fringe 1 
more brownish also. 


'From the U. S. Department of Health, Education, and Welfare, Public 
Health Service, National Institutes of Health, National Microbiological Institute 
?Rocky Mountain Laboratory, Hamilton, Montana 
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Compared to 7. abdominalis, the front is a little more convergent 
below, and narrower than most, the fore tibiae are not bicolored though 
more reddish basally, the femora are not as dark, the thoracic lines are 
not as broad, the wing spots are more pronounced and cell Rs is much 
narrowed but not closed. Several of these characters also differentiate 
it-from 7. sulcifrons, in addition to the all brown antennae and hind- 


tibial fringes. 


Tabanus yulenus Philip 

A male was reared by O. C. Schomberg from a larva collected near 
Fred, Tyler Co., Texas, 19 August, 1951 (No. 67). Compared to the 
holotype, this is much darker (possibly because in a fresher state) and 
relatively more slender (13.5 mm. in length). The head is smaller with 
gray upper facets and dark central band; distribution of enlarged eye 
facets is the same. Antennae are nearly black with similar, reduced 
reddish color basally on plate. Palpi more creamy white with few black 
hairs, a little more swollen apically, and not at all constricted in the 
middle. Beard and face white as in holotype. Thorax much darker 
with prominent, full length gray lines; scutellum gray, brownish mar- 
ginally. Pleura and fore coxae whitish. Fore femora almost black with 
abundant white pile below. Fore tibiae bicolored. Mid and hind legs 
yellowish, the femora darker dorsally. Hind-tibial fringe predominantly 
blackish. Abdomen reddish brown, darker caudally, mostly black 
haired, but with prominent pale patches along the sides, and on the 
middle triangles of all tergites including the first; the triangles on 2 and 5 
cross the tergite. Sternites pale reddish with dark patches mesobasally. 

It is likely that the still unknown female also will be darker in fresh 
condition than the holotype male, but should be distinctive among the 
species of the molestus group by its combination of bicolored fore tibiae, 
slender palpi, clear wings with narrowed cell R; and pale triangle on 
tergite 2 which may cross the segment. There are some affinities with 
I. petiolatus of which the male is still unknown but the cells Rs; in the 
above two males are only moderately narrowed. 


Tabanus imitans subsp. excessus Stone 

Allotype #, 20 mm. Differs from typical males of 7. imitans in 

same character as the females. The excavation of the antennal 
plate is very moderate, hardly rectangulate, and the wing spots ar 
accentuated with suggestions of subapical clouds on all the longitudinal 
veins near the wing margin. The fore tarsal claws are subequal, the 
outer one not elongated as in two typical males studied, and the ey« 
facets have a greater upper area of enlargement than in one but not in 
the other, strangely enough. 

‘Alachua Co., Fla., 23-IV—1949, A.F.M.”’ 

The remarkable, nonintergrading differences in the antennae of these 
two forms make it difficult to believe they differ only on a subspecific 
level. Perhaps rearing will assist clarification of this problem. It is 
remarkable that one typical male has the eye facets moderately enlarged 
in the upper half while the other, like this allotype, has greatly enlarged 
facets in the upper two thirds, puzzling variation that is somewhat com- 
parable to that seen in 7. sulcifrons. 
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Tabanus laticornis Hine 


In the Hine collection at Ohio State University there are two males 
and four females in the type series which actually comprise three species, 
including the typical one re-characterized by Stone (1938). Though 
a little larger and more reddish in ground color, one cotype female taken 
July 17 in the Sierra Madre Mountains, Chihuahua, Mexico, by Town 
send agrees in other respects with specimens of Tabanus gilanus Twns. 
from Arizona and New Mexico. Another from the same Chihuahua 
locality and collector, June Ss, appears the same on casual inspect tion but 
actually represents an undescribed species as discussed below. The 
two male cotypes also from the same place, May 31, are the typical form 
of laticornis. The writer also has two males and a female taken at 
Ananlco, Mexico, by W. G. Downs which corroborate occurrence of the 
typical form in Mexico. 

The better preserved of two female cotypes labe 
designated as lectotype to perpetuate the form discussed by Stone. 
Hine’s original description included the above two divergent females 
which accounts for his statement that ‘sometimes the apical portion of 
the third segment”’ of the antenna is black. The lectotype has a larger 
brown basal callosity which nearly touches the eye margins, a little 
broader median callus and basally stouter palpi than figured by Stone. 
The eye pilosity is dense but short. The subcallus has sparse, short 
hairs laterally, and the upper genal hairs are largely brown. The mid- 
ventral dusky line widens in the middle of tergite 3. 

The two male cotypes also have the sparse hairs on the sides of the 
subcallus, as do all other specimens of 7. daticornis seen from Arizona 
and New Mexico (except one in which they appear to be worn off), and 
this offers a good supplemental key character. 

Description of the undescribed cot ype above is provided herewith 


17 
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lled “‘ Ariz.’’ is hereby 


Hybomitra mima’ n. sp 


A medium-sized, dark fly with three rows of spots on the abdomen, 
entirely reddish legs with white hind-tibial fringes, and clear wings, 
which resembles casually 7. gilanus taken in the same locality. 

' Holotype ?, 16mm. Eyes (relaxed) with two narrow green bands 
on a purple ground; covered with dense whitish hair, nearly as long as 
those on the front. Front nearly parallel-sided, slightly narrowed above 
and below; a large brown, bare spot at the vertex with a distinct, raised, 
vestigial median ocellus; a band of gray pollen below this to the median 
callus which is blackish, ovoid, a little over one-third of the width of the 
front, barely separated from the basal callosity, and blackish pollinose 
on either side. The callosity subquadrate, mahogany brown, and 
narrowly separated from the eye margins. Subcallus dull pinkish, 
slightly wrinkled, and no lateral hairs. Face whitish pollinose and 
densely pilose, no dark hairs on the upper genae. Antennae red, blackish 
distad of the dorsal tooth on the plate; scape moderately enlarged 
above, and with black hairs. Plate nearly as tall as long, rec tangulate 
above, and but slightly excavated; annuli subequal in length to the plate. 


‘Greek, an imitator. 
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Second palpal segments pinkish, swollen basally and attenuated apically, 
a few scattering black hairs among the white ones. 

Thorax blackish, with the usual gray lines narrowed and fading 
posteriorly ; vestiture chiefly yellowish brown on the dise with scattering 
appressed coppery hairs intermixed. Pleura pinkish above, fuscous 
below, with dense whitish, but no black, pile. Fore coxae whitish 
pollinose and pilose. Femora entirely pale reddish with white hairs; 
tibiae the same, the fore pairs darker distally; only a few black hairs at 
the extreme tip of the white hind-tibial fringe. Costal cells very faintly 
tinted, the stigma very reduced, cell Rs wide open, no spurs. 

Abdomen reddish on the sides and venter. A row of geminate black 
median dashes encloses a row of pale triangles which fade from the 
fourth tergite on, that on tergite 2 does not reach the anterior incisure; 
diagonal whitish-haired dashes overlie the reddish sides of tergites 2 
and 3. Venter entirely white-haired overlying irregular dark blotches 


in the reddish integument. 
‘Sierre Madre, Chih., Mex., Hd R. Piedras Verdes, Abt 7300 ft., 
6-8 [June 8] Townsend.’ In the collection of Ohio State University 


as a cotype of 7. laticornis Hine. 

The hair on the eyes and the ocelligerous tubercle are more distinct 
than in a related group of southwestern Tabanus. The entirely white- 
haired upper genae and pleura, and chiefly whitish hind-tibial fring 
are also distinctive from Nearctic relatives, including 7. orbicallus 


Phil. which it somewhat resembles by its reddish legs. 


Hybomitra aasa‘ n. sp 


A red-sided western species with convex, partially bare subcallus, 
heretofore confused with H. captonis (Mart.). Wings faintly tinted, 
the costal cell pale yellow, the abdomen in well preserved specimens 
with suggestions of three rows of overlying pale spots, and the femora 
half or more reddish distall 

Holotype 2,13.5mm. Eyes with the usual three stripes and lower 
horder purple; hairs short but distinct. Front gently convergent below, 
index 1:3.5, gray pollinose and with short, black hairs, the ocelligerous 
tubercle small but pronounced, brownish; median callus black, subovoid 
and well separated from the dark brown, subquadrate, convex callosity 
below, the upper corners of which are rounded. and the lower corners 
touching the eye margins. A deep transverse sulcus separates the latter 
from the strongly convex, reddish brown subcallus which is bare on the 
disc with creamy pollinose margins, especially laterally. Face and 
cheeks gray pollinose and densely whitish pilose with a few black hairs 
intermixed. Antennae red, black beyond the dorsal tooth; plate about 
equal in height to the scape, and about as broad as long, gently excised 
dorsally. Palpi pale creamy with appressed black hairs, rather short 
and moderately swollen basally 

Thorax dark with three narrow gray lines more evident than in H. 
captovzis, accentuated by yellowish hairs almost to the scutellum, and 
with blackish hairs predominating in the broader intervals. Antealar 
tubercles reddish. Pleura and coxae grayish pollinose and pilose, and 


‘Greek, hurt 
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a few inconspicuous black hairs intermixed on the sides. Legs reddish, 
darker brownish on the basal thirds of the femora and apical thirds of 
the fore tibiae and tarsi. Hind-tibial fringe black. Halteres brown, 
creamy on the knobs. No spurs but indistinct clouds at the forks. 

Abdomen dull brownish red on the sides of tergites 1 to 5, overlain 
by fine black hairs surrounding isolated sublateral golden-haired spots 
on 2 to 4, a few similar ones forming incomplete fringes on the incisures. 
A narrow, dull black, pruinose, median line is overlain by narrow pale 
pilose triangles almost crossing tergites 2 and 3. Venter dull pinkish, 
darker on sternite 7, no dark spots or hairs. 

Fish Lake, Jackson Co., Ore., 19 July, 1943, H. A. Scullen. For- 
warded through courtesy of the collector. 

Allotype #7, 13 mm. Like the female except for sexual differences 
but a little darker and more hirsute. A reduced, subshiny, wrinkled 
callus on either side of the median suture of the frontal triangle. Anten- 
nal plates more reddish and slender. Second palpal segments flesh 
colored, swollen, almost as thick as long; basal segments unusually 
robust, nearly as thick as the former. Thorax less plainly striped dor- 
sally, the sides darker, and with more blackish hair. Legs about the 
same, the fore femora more brownish. Outer fore-tarsal claw a little 
longer than the inner. Wings with the same slight tinting, and costal 
cells also pale yellow. Abdominal pattern the same but the small 
sublateral golden spots more diagonal. Venter darker with a dull 
quadrate median spot on sternite 2, and some black hairs mesally and 
caudally, sternites 5 to 7 dark with pale incisures. 

Seattle, Wash., 30 May, 1931 (this is the specimen described as 7. 
captonis by the writer, 1937). 

Paratypes: 11 2’s, Klamath Marsh, Ore., 25 June, 1939. T. H.G. 
Aitken (Calif. Acad. Sciences, Cornell Univ., Belkin and the author’s 
collections); 9, Davis, Calif., 27 August, 1952, R. C. Bechtel (Univ. of 
Cal., Davis); o, Mt. Wilson, Calif., 29 June 1915, alt. 6000; o&, Antioch, 
Calif., 2 Sept., 1938, T. H. G. Aitken (Calif. Acad. Sciences). 

This species has a remarkable color similarity to H. daeckei Hine of 
the East, and usually can be selected from a series of more reddish 
brighter colored H. captonis by the lined thoraces, extensively reddish 
femora, and duller abdominal colors with a tendency to show three rows 
of pale spots, which may disappear in worn specimens. Most H. cap- 
tonis have the femora predominantly black, the fronts more convergent 
below, the vertex with a larger denuded black spot, the callosity extended 
above into the median callus, and narrowly separated along the entire 
lateral edges from the eye margins. The subcallus is usually (not 
always) more completely denuded, and the palpi are more reddish and 
a little more slender. The wings have deeper yellow costal cells, and 
some other basal cells of the wing. In all H/. captonis studied, the golden 
yellow hairs predominate on the sides of the abdomen and form complete 
fringes across the incisures. A review of available males is indicated, 
but the abdominal pattern of the above allotype plus the paler wings, 
and more reddish legs, assures correct association. In the Antioch male, 
the middle third of the frontal triangle is subshiny brown, and more 
denuded than in the allotype. The median dark patch on sternite 2 of 
both paratype males is much more reduced than in the allotype and the 
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ubmedian dorsal pale dashes are not as prominent 


to ex 


females the median dark stripe has a tendency ally 
the posterior incisures giving resemblance to H/. frontalis in the abdom- 


inal patter 

It is not certain if Walker’s 7. recedens (1954) is the same as H. 
captonis or H. aasa, but his na is not available in any event becaus« 
of homonymy with an earlier name of his own (1848S) and being an orig- 
inal primary homonym, cann revived by transfer to another genus. 


Williston’s des ription ol T. comastes seems to correct] plac e his name as 
nonym of H. captonis where it was assigned by Hine.° 


Hybomitra gracilipalpus (Hine) 

Since the question of synonymy of H. cristata (Curran) was reviewed 
by the writer (1941) accumulation of additional data has permitted 
removal of the doubt in this regard. A pair on the same pin taken in 
copula at Gillam, Manitoba, 13 July, 1950, by J. F. McAlpine was 
loaned through courtesy of G. E. Shewell. The male is in almost exact 
agreement with a paratype of H. cristata including .the accentuated 
middorsal tufts of black pile on tergites 2 to 4, and slender palpi. The 
female agrees rather closely in characters of front, antennae, palpi, and 
size with an Alaskan specimen of H. gracilipalpis determined by Hine, 
and later compared with type by the. writer. Similar (though not 
mated) specimens of both sexes are now known across the continent 
from Labrador to Alaska, a coincidence of range with the more common 
and related H. affinis (Kirby) which has added to the confusion 

H. affinis in series is more robust, the black mid-dorsal line is 
narrower and more constricted especially on tergite 3, and the con- 
sistency of the heavier palpi in both sexes is confirmed. Dijfferences in 
excavation of the antennal plates are observable, but difficult to describe 
because of some variation in both species. The mid-dorsal black band 
in H gracilipal pis is broader and more even, seldom more constricted 
on tergite 3. Though there are suggestions of tufts on the second tergites 
of males of H. affinis, their absence on the third and fourth quickly 
differentiate these from males of the former in addition to the larger size 
and chunkier palpi The females cannot be separated on basis of these 
abdominal hair tufts but the palpi of H. gracilipalpis are obviously 
more attenuated’ and proportionately shorter, and the fronts on the 
average a little narrower in addition to the tinctorial differences of the 
abdomen One female of the latter collected by the writer at Gulkona, 
Alaska, shows similar predominantly reddish hind-tibial fringes discussed 
under the following species. An occasional small, dark female of 
H. affinis is difficult to separate, but material is now adequate to confirm 
the sper ific distinctness of the two species, as well as the lack of inter- 
gradation of the males. 


Hybomitra trepida (McDun 
As Stone has pointed out, his H. aurilimba from Massachusetts and 


Since th report went to press, the writer was enabled to study Walker’ type 
in the British Museum and found that Hine was mistaken in assigning it to H 
937 It actually agrees with H. haemaphora (Mart but 


ime 


aptontis ee Philip ] 
j 


is still not an available 
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Maine, is very close to H. trepida. Examination of eastern ‘‘ Tabanus 
trepidus’’ of both sexes in various collections has convinced the writer 
that the chief character for separation of the two speci the red hind- 
tibial fringe—1is only partially reliable, or at least not an exclusive char- 
acter. The few females seen from the North Atlantic States with 
black fringes, sometimes with a few red hairs basally, are otherwise 
structurally indistinguishable from H. aurilimba, and can also be sep 
arated in series from western H. trepida by their average larger size, less 
attenuated palpi and less excised antennal plat One of these has 
brown rather than black hairs on the palpi. Occasional specimens 
of other species of the H. affinis group with customary black fringes are 
to be seen in which they are instead red-haired or partially so. 

Though H. trepida extends to the northern Pacific Coast, western 
males are peculiarly non-existent in most collections, whereas the writer 
has seen over a dozen robust males in several collections from the East 
Coast, including the supposed allotype described by the writer in 1937 
1 Pennsylvania, and one with collection data and collector identical 
to the Northboro, Massachusetts paratype female of 1. aurilimba 
The latter has rufous hairs on the antennal scape, but all have black 
hind-tibial fringes. Only one more western male of H. trepida (from 
Michigan) is available for comparison, and while smaller, it is struc 
turally and tinctorially inseparable from the eastern males, though thi 
basal angle on the plate is a little less prominent. It seems unlikel) 
that this difference in availability is the result entirely of more intensive 
collecting in the East, but more likely involves differences in habits 

The writer has true H. trepida from Michigan and Ontario, and it 1 
his opinion that material east of those points will need re-examination 
in the light of this new evidence. The distribution records of H. trepida 
on the Atlantic Coast from New Jersey and Pennsylvania northward 
through Massachusetts will probably require revision if not actually all 
referring to H/. aurilimba. 

There is close relationship to H. affinis here. Undoubted specimen: 
of H. affinis have been seen from Maine, Michigan, and the adjacent 
Canadian Provinces. It is suspected by the writer and Pechumar 
(correspondence) that most other northeastern records, actually refet 
to H. aurilimba with black hind-tibial fringes. It may be that rearing 
will be required to clarify specific relationships in this complex 


fron 
t 


Agkistrocerus finitmus (Stor 

A female in excellent condition from Dr. Lewis Berner captured by 
J. S. Haeger on Big Satilla River, Camden Co., Georgia, 20 April 1947, 
another by G. Heid from Fargo, Clinch Co., Georgia, 28 March 
1952, and two by the author on stock at Panama City, Fla., 18 April 
and Gulfport, Miss., 19 April 1952, confirm Stone’s belief that the 
unique, damaged holotype from Jacksonville, Florida, is congeneri 
with A. megerlei (Wied.), and they permit some supplemental descrip 
tion. The species was originally assigned to the genus Dicladocera by the 
describer. 

The dorsal process of the antenna is less hooked than in A. meger 
lei, more as in typical 7. imitans (which they superficially resembl 


l 


though darker bodied), not reaching the basal annulu Annuli about 
So + 
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three-fourths the length of the plate, the whole blackish except for a 
reddish lunate base reaching forward onto the process above. 

The thorax is more prominently pale striped anteriorly and laterally 
than in megerlei, and the abdomen so deeply mahogany brown laterally 
as to leave the black median stripe to the fourth tergite rather indistinct; 
tergites 5 and beyond entirely black. The entirely brownish-black 
venter with only scattering pale hairs especially on the incisures is strik- 
ingly different than the pallid venter of megerlei. The pale hairs men- 
tioned by Stone on the sides of the scutellum are hardly noticeable in 
these specimens, the frontal callosities are a little taller than he figures, 
and the tibiae are noticeably more red than the femora. 


NEW NEARCTIC DISTRIBUTIONAL RECORDS OF TABANIDAE 


The following are State and Provincial records additional to those 
given in the Catalog and Supplement (Philip 1947, 1950) based for the 
most part on specimens seen by the writer or in a few instances on recent 
publication or unquestioned data supplied by correspondents: 

A patolestes aitkeni—N. Mex.; Stonemyia tranquilla subsp. fera—Pa., 
Ala.; Chrysops abata—Miss.; C. aberrans—N.H., Vt.; C. aestuans—Vt.; 
C. atlantica—Mich.; C. callida—Vt.; C. carbonaria and C. celer—Vt.; 
[C. coquilletti subsp. robusta— Lower Calif.]; C. cuclux—N.C.; C. exci- 
tans—Alas. and Conn.; C. flavida—Pa., and subsp. reicherti—Tenn.; 
C. frigida—Vt.; C. inda—lIa. and Vt.; C. mitis—Conn. and N:S.; C. 
montana—-Tex.; C. nigra—-N.B.; C. pachycera—N. Mex.; C. sackent, 
C. shermani, C. striata and C. vittata—Vt.; Anacimas geropogon—Fia.; 
A gkistrocerus megerlei—Ga. (previous record overlooked) and Tex.; A. 
finitimus—-Ga., Miss., Tex.; Hamatabanus carolinensis (Macq. not 
authors)—Ind.; Atylotus incisuralis—Nev. and subsp. lingaureus 
Alas.; Hybomitra affinis—Labr.; H. astuta--N.S. (previous record over- 
looked); H. aurilimba—Conn.; H. difficilis (syn. carolinensis of authors, 
not Macq.)—-Conn.; H. epistates—Conn. and N.S.; H. frontalis—Ind., 
Wash. and subsp. seplentrionalis—N.W.Terr.; H. itasca—Man., Sask. 
and Labr., H. lasiophthalma—Tex.; H. liorhina—Ont.; H. longiglossa 
Mich.; H. metabola--Alas.; H. opaca—Ore. (previous record of Cole and 
Lovett 1921 was a misidentified specimen of H. hirtula);—-H. procyon 
Nev.; H. trepida—-N. Hamp.; H. trispila—Tex.; H. typha—Alas., Conn. 
and N.S.; H. sygota—-Wash.; Tabanus americanus—Tex.; T. atratus 
Conn. and Wash.; 7. calens (syn. giganteus)—Conn.;, T. catenatus—N. 
Hamp.; 7. equalis—Ind., T. fairchildi—W. Va.; T. gilanus—Tex. |also 
northern Mexico]; 7. gladiator, T. imitans and T. longus—Tex.; T. 
kesseli-Wis.; T. lineola subsp. scutellaris—N.S.; T. molestus—Ind.; 
(7. punctifer— Lower Calif. and northern Mex.; references to brackish 
water and thermal springs breeding with figure of larva by Rehn listed 
in Proc. Am. Acad. Arts & Sci. 59:399, 1924, should have been included 
in Catalog|, 7. mularis, T. nefarius, T. nigripes, T. petiolatus, and T. 
pumilis-—Tex.; T. quinquevittatus—N. §S., Ind., and Tex.; T. sackeni 
Ala.; 7. sagax—Me.; T. stygius—Okla.; T. trimaculatus—Ind.; T. 
venustus—N. Hamp. and Ala.; and T. vittiger subsp. nippontucki—Tex., 
Okla. [also northern Mex.]; Whitneyomyia beatifica subsp. atricorpus 
Tex.; Hybomitra, haemaphora—Ariz. 
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The writer is indebted to many individuals and institutions for sup- 
plying specimens, during the identification of which, most of the above 
new records were accumulated. Dr. Alan Stone consulted the original 
of the Donovan reference for the writer. 


SUMMARY 


Described as new are Hybomitra aasa (holotype 9 from Oregon, 
and o’), and H. mima (holotype 2 from Chihuahu:, Mexico). Lecto- 
type 9 of Tabanus laticornis Hine from Arizona, and allotype o from 
Florida of T. imitans subsp. excessus Stone are established. The sup- 
posed Nearctic 7. guttatus Wied. 1828 remains unrecognized but is a 
primary homonym of 7. guttatus Donovan 1805. T. nefarius Hine, T. 
yulenus Philip, Agkistrocerus finitima Stone, and the northeastern H. 
trepida-aurilimba-affinis complex are discussed. A mated pair of flies 
proves the synonymy of H. cristata (Curran) with H. gracilipalpis 
(Hine). Supplemental Nearctic distribution of Tabanidae is published. 
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AN ILLUSTRATED SYNOPSIS OF THE PRINCIPAL LARVAL FORMS OF 
THE ORDER COLEOPTERA, by Apbam G. BovinG and F. C. CRAIGHEAD 
Entom. Amer., 11 (n.s.): 1-351, 125 plates 1931; reprint edition, 1953 
Price, $10.00; foreign, $10.50 

This work, indispensible to the student of larval Coleoptera and to the teacher 
of larval taxonomy, has been out of print for many year Che reprint edition, 

therefore, is good new ee a 





THE SPECIATION OF THE GENUS CULICOIDES: 
(Diptera, Heleidae) 


KAMEL KHALAI 
Mosul, Iraq 


INTRODUCTION 


This study is an attempt to establish the interrelations among 
the specie and speci groups ol the genus Culicoides in accordance 


with their natural affinits There have been many attempts to 


divide the speci this genus into groups, but these attempts have 
been mostly based on local faunas, and usually with little reference to 
the phylogenetic development of the genus 

The present work is based mostly on a study of the male genitalia 
and the femal permathecac and in order to plac a spec ies in the 
tures should be availabl It will become evident that cleared females 
alone are not sufficient for placing a species in its proper place 


accompanying scheme, mounted specimens or diagrams of such struc- 


In the male genitalia, any perceptible character may be of impor- 
the variability of the character is not due to an artifact resulting 
treatment and mounting of the specimen. In this genus, as 


1 
} 
I 


ny other among insects, the g¢ nitalia are usually rather constant 
in structure and thus show affinities which otherwise can not be 
recognized; moreover, evolution along different lines does not tend 
to produce identical genitalia. In other cases such as wing maculation 
(except the second radial spot), mesonotal pattern, legs, head 
appendages, and the like, duplicate structures, as far as our perception 
is concerned, are commonly met although those structures evolved 
independently. For this reason wing maculation, the mesonotal 
pattern, and similar structures appear to have highly doubtful value 
in a phylogenetic study, although they are very useful for identification 
purposes in a limited fauna 

Of the spermathecal structures, mainly the number of spermathecae 
and sometimes their shape is utilized. However, other characteristics 
of these structures, such as the degree of sclerotization, the base of the 
duct, and the ring, could apparently be used for a limited purpose 

It would have been interesting to supplement this work with study 
on immature stages. However, our knowledge in this field is very 
incomplete and, therefore, is not utilized 

The accompanying phylogenetic scheme is based on the species 
mentioned therein These represent a portion of the species of the 
world which are better known Other species are reported in the 
literature but these could not be utilized because the descriptions are 
based on dry specimens. Since the male genitalia and the female 

‘Joint contribution from the Department of Entomology, University of 
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spermathecae were not utilized in descriptions, most of the more 
comprehensive works which are carried beyond the scale of local areas 
become uncertain 

Fossils for members of this genus have not been reported. Time 
relations, therefore, become hard to decide However, as has been 
clearly stated (Ross, 1951), primitive surviving members from along 
the phylogenetic lines could be used in the capacity of fossils to support 
our spec ulations in phylogeny For this reason those living member: 
which are archaic are termed ‘“‘liv . 


ing fossils.”’ 


Subgenus Subgenus 
MONOCULICOIDES CULICOIDES Subgenus OECACTA 


) 
/ 


(Or) 


nubeculosus group (HA) 
fulvithorax group (Or,Af) 
ans group (HA) 


tristriatulus (NA) 


cockerellii group (HA) 
peregrinus group (Or) 
neglectus (PA) 
spinosus group (NA) 
dominicii (NT) 
biguttatus group (HA) 
albomacula (NA) 


corti (Or 
villosipennis group (NA) 


hegneri 
crepuscularis group (HA,Af) 


pulicaris group (HA) 
heliophilus group (HA) 
schultzei group (HA) 
guttipennis group (NA) 
clavipalpis group (Or,HA) 
furens group (WS) 
haematopotus group (WS) 


guttifer group (Or,Af) 
chiopterus group (Or,Af) 
venustus group (NT) 
Subgenus SELFIA (NA) 
pictipennis group (HA) 
neavi group (Af) 


we 
~ 
we 
rn 
Ce 
os 
ve 
in 
C. 
Ce 
albi 


_ Ce. punctithorax (Af) 


\ 
\ 
\ 


venustus guttipennis 
complex 
villosipennis 
\ complex 


haematopotus 
complex 


Fic. 1 Diagram of the iylogeny and zoogeography ot Culicoides HA 
Holarctic; PA, Palaearctic; INA, irctic; NT, Neotropi il: Af, Ethiopiar 
Or, Oriental; WS, widespread 


I take this opportunity to acknowledge my sincere gratitude to 
Dr. Herbert H. Ross of the Illinois Natural History Survey for his 
valuable advice throughout the course of this work. To Dr. Willis W 
Wirth of the U. S. National Museum, I am deeply indebted for reading 
the manuscript and offering important suggestions and criticism 
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THE MINOR GROUPS OF THE GENUS CULICOIDES 


The following grouping is based on the phylogenetic tree. Many 
kinds of groupings could be drawn from this same scheme. Since 
each subgenus represents an evolutionary line, the difficulty in assigning 
well-bound characteristics becomes obvious. A brief definition for 
each subgenus is given. The reader, however, is advised to consult 
the systematic section of this work for thorough understanding of the 
subgenera and the groups 

No attempt was made to distinguish between species and subspecies 
since data required for such work are not available. However, 
morphology and zoogeography hint that many of the described species 
will take subspecific status when more distributional information 
becomes available. Such cases could be found in the schultzei, crepuscu- 
laris, and venustus groups. Group names of previous authors, when 
available, are used here, although the species content ofa group is not the 
same as the original in all cases 

One of the main differences from the previous groupings is that a 
small group of species which fits ‘‘Series A”’ of previous authors together 
with an important section of ‘Series B”’ are joined together under the 
separate subgenus, Monoculicoides. The forms that composed the 
so-called “intermediate group” required a separate subgenus, Selfia 
The reason for making these principle shifts will be explained later 


Subgenus Oecacta Poey, new status 
(= Haematomytdium Goeldi) 


Type species: Culicoides furens (Poey). 

Spermathecae two, second radial cell included in a dark spot. 
Parameres mostly divided. Other characteristics follow one of the 
following conditions: 1) the parameres acquire spinose apices, their 
stem and base show the least modification, the inner processes become 
boathook-shaped ; or 2) the parameres are without spines at tip, angular, 
slender or with swollen stem, the inner processes simple in form, the 
tergite strongly developed 


haematopotus complex 
clavipalpis group 
*. amazonius Macfie; Macfie 1935, fig. 3. Brazil, Trinidad, French Guiana 
’. clavipalpis Muckerji; Causey 1938, fig. 7. India, Siam 
". cunctans (Winn.); Edwards 1939, fig. 59. England, Austria. 
’. dampfi R. & H.; Root and Hoffman 1937, fig. 23. Mexico 
. houset Causey; Causey 1938, fig. 10. Siam 
kibunensis Tokunaga; Tokunaga 1937, fig. 18. Japan, Manchuria 
oxystoma Kieffer; Tokunaga 1937, fig. 17; Causey 1938, fig. 9. India, 
Malaya, Formosa, Japan, Siam 
’, pumilus (Winn.); Edwards 1939, figs. 52, 59. Britain, Europe 
scopus R. & H.; Root and Hoffman 1937, fig. 24. Mexico. 


C. albomacula R. and H.; Root and Hoffman 1937, fig. 17. Mexico 


albicans group 
C. albicans (Winn.); Edwards 1939, fig. 58. Europe, England. 
C. piliferus R. and H.; Root and Hoffman 1937, fig. 16. U.S.A., Mexico. 
C. truncorum Ed.; Edwards 1939, fig. 57. England. 
C. unicolor (Coq.); Wirth 1952, fig. 19; 1951, fig. 26. U.S.A., Alaska 
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furens group 


C. bambusicola Lutz; Barretto 1944, fig. 12. Brazi! 

C. furens (Poey); Root and Hoffman 1937, fig. 13; Barretto 1944, fig. 8 
Bahamas, Barbados, British Honduras, Cuba, Guatemala, Honduras, 
Jamaica, Mexico, Brazil, Nicaragua, Panama, Puerto Rico, Saint Vincent 
Island, Trinidad, U.S.A., Venezuela, French Guiana 
". huffi Causey; Causey 1938, fig. 8. Siam. 

’. limat Barretto; Barretto 1944, fig. 14. Brazil 
’. lopest Barretto; Barretto 1944, fig. 15. Brazil. 

". mohave Wirth; Wirth 1952, fig. 19. U.S.A 
",. morisittat Tokunaga; Tokunaga 1940, fig. 82. North China 

', paraensts (Goeldi); Barretto 1944, figs. 10, 11 Brazil, Venezuela, Trini 
dad, Saint Vincent Island, Panama, Peru, French Guiana. 

‘.stmilis C. I. & M.; Causey 1938, fig. 6; Carter, Ingram and Macfie, fig 
20, 23. Gold Coast, India, Siam. 

C. stellifer (Coq.); Root and Hoffman, 1937, fig. 14; Wirth 1952, fig. 19 
U S A., Trinidad, Venezuela, Mexi 0 


haematopotus group 


C. acraensis C. I. & M.; Carter, Ingram and Macfie 1920, figs. 17, 20. Gold 
Coast. 

C. bauert Hoffman; Root and Hoffman 1937, fig. 15; Wirth 1952, fig. 19 
U.S.A., Mexico, Venezuela. 

C. brunicans Ed.; Edwards 1939, fig. 58. Britain 

C. haematopotus Mall.; Root and Hoffman 1937, fig. 12. U.5.A., Mexico 

C. lanei Ortiz; Ortiz 1950. Panama 

C. saliht Khalaf; Khalaf 1952, fig. 3. U.S.A 

¢ 


*. vexans (Staeger); Edwards 1939, fig. 58. England, Denmark, France 


villosipennis comp!ex 
neavi group 


C. citroneus C. 1. & M.; Carter, Ingram, and Macfie 1920, figs. 20, 24. Gold 
Coast 

C. inornatipennis C. I. & M.; Carter, Ingram, and Macfie 1920, figs. 11, 20 
Gold Coast. 

C. neavt Austen; Carter, Ingram, and Macfie 1920, figs. 18, 20. Africa 


heliophilus group 


C. copiosus R. & H.; Root and Hoffman 1937, fig. 26. Mexico 
C. heliophilus Ed.; Edwards 1939, fig. 59. Engltand, Ireland 
C. hinmant Khalaf; Khalaf 1952, fig. 4 U.S.A 


pictipennis group 


C. clarkei C. I. & M.;: Carter, Ingram, and Macfie 1920, figs. 19, 20. Gold 
Coast 

’. cubitalis Ed.; Edwards 1939, fig. 57; Hill 1947, fig. 3. England, Belgium 
*, daedalus Macfie; Macfie 1948, fig. 8. Mexico 

’. nanus R. & H.; Root and Hoffman 1937, fig. 18 }.S.A 

’. odibilis Aust.; Edwards 1939, fig. 55; Hill 1947, fig. ¢ Palestine, England 
Europe 

C. pictipennis (Staeger); Edwards 1939, fig. 55 

C. stimulator Ed.; Edwards 1939, fig. 55. England 

C. travist Vargas; Root and Hoffman 1937, fig. 21 


villosipennis group 


C. arboricola R. & H.; Root and Hoffman 1937, fig. 20 
C. niger R. & H.; Root and Hoffman 1937, fig. 22. U 
C. ousairant Khalaf; Khalaf 1952, fig. 5. U.S.A 

( £ 

( 


. villosipennis R. & H.; Root and Hoffman 1937, fig 
'. v. oklahomensis Khalaf; Khalaf 1952. U.S.A 





Annals Entomological Society of America [Vol. 47 


guttipennis complex 
J i ; a ce ngram, and Macfie 1920 hg 15, 20 Gold 


C. punctithorax C i 
Coast 


C. neglectus (Winn.); Edwards 1939, fig. 57 England, Austria 


spinosus group 


C. monoensts Wirth; Wirth 1952, fig. 18. U.S.A 
C. spinosus R. & H.; Root and Hoffman 1937, fig. 2 
C. usingert Wirth; Wirth 1952, fig. 18. U.S.A 


‘ 


C. dominicii Ortiz; Ortiz 1951, figs. 6, 7, 8. Venezuela 


biguttatus group 
C. biguttatusj}Coq jRoot and Hoffman 1937, fig. 25 U.S.A 
C. fascipennis (Staeger); Edwards 1939, fig. 56. Europe, E 
C. odiatus Austen; Edwards 1939, fig. 56. Palestine 
C. tentorius Austen; Edwards 1939, fig. 56; Austen 1921, fig 


schultzei group 
C. pallidicornis Kieffer; Edwards 1939, fig. 56; Hill 1947, fig. 3. Britain, 


Hungary, Sweden, France 

C. schultzei (End.); Carter, Ingram, and Macfie 1920, figs. 13, 14, 20. Africa, 
Malaya, Formosa, India, Japan 

C. stonet James; James 19438, fig. 1 

C. weeset Khalaf; Khalaf 1952, fig. 1 


guttipennis group 


C. guttipennis (Coq.); Root and Hoffman 1937, figs. 1, 11 
C. palmerae James; James 1943, fig. 2. U.S.A. 
( 
( 


propinquus Macfie; Macfie 1948, fig. 6. Mexico 
ulahensis Fox; Fox 1946, fig. 2; Wirth 1952, fig. 20. U.S.A 


C. corlt Causey; Causey 1938, fig. 17 piam 


Subgenus Selfia n. subg 


Type species: Culicoides hieroglyphicus Malloch. 
No sclerotized spermathecae apparent, plain wings. Processes of 


the basistyles strongly developed. Parameres mostly undivided. 


A primitive subgenus. 
C. brookmanit Wirth; Wirth 1952, fig. 17. U.S.A 
C. hieroglyphicus Mall.; Root and Hoffman 1937, fig. 6; Wirth 1952, fig. 17. 
U.S.A 
C. jamesi Fox: Fox 1946, fig. 1: Wirth 1952, fig. 17 
C. multipunctatus Mall.; Khalaf 1952, fig. 1 U.S.A 
( fenuistylus Wirth: Wirth 1952, fig. 17 U.S.A 


Subgenus Culicoides 
Prosapelma t.ieffer; partim = Hoffmania Fox) 
Type species: Culicoides pulicaris (Linne) 


Spermathecae two, second radial cell included in a 
iostly divided, apicolateral processes poorly de veloped 


light spot 


Parameres n | 
Tips of parameres often preserve fine hairs, otherwise the specialization 
of the arch of the aedeagus is towards leaving an anterior tooth-like 
projection at tip and a band at basc 


subgenus is named for Dr. | Professor of Zoological yoecl 


. University of Oklahoma 
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venustus complex 
chiropterus group 


C. austent C. I. & M.; Carter, Ingram, and Macfie 1920, figs. 6, 20, 25. Gold 
Coast, Belgian Congo. 

C. chiopterus Meigen; Edwards 1939, fig. 60; Root and Hoffman 1937, 
Europe, England, U.S.A. 

C. grahami Austen; Carter, Ingram, and Macfie 1920, figs. 26, 27 
Coast, Ugand hs Nigeria, Congo 
obsoletus (Meigen); Edwards 1939, fig. 60; Root and Hoffman 1937 
Europe, England, Palestine, Japan, U.S.A., Canada, Alaska 

C. orientalis Macfie; Causey 19388, fig. 12. Siam, Malaya, India, Jav: 

C. pallidipennis C. I. & M.; Carter Ingram, and Macfie 1920, fig. 27. Gold 
Coast. 

C. sigaensts Tokunaga; Tokunaga 1940, fig. 75. Ky 


venustus group (mainly Neotropical) 


", cova-garciat Ortiz; Ortiz 1950, plates 5, 6 
foxt Ortiz; Ortiz 1951, figs. 1!, 12, 13. 

', guttatus (Coq.); Barretto 1944, fig. 9. 

. heliconiae F. & H.; Fox 1948, fig. 1 

*, insignis Lutz; Ortiz 1950, plates 1, 2 

", venustus Hoff.; Vargas 1944, figs. 1, 2; Fox 1948, fig. 8; Root and Hoffman 
1937, fig. 2. 


pulicaris complex 
peregrinus group 
C. andrewsit Causey; Causey 1938, fig. 16. Siam 
C. peregrinus Kieffer; Causey 1938, fig. 11 Formosa, India, Japan, Malaya, 
Java, Sumatra, Siam. 


cockerellii group 
’, cockerellit (Coq.); Wirth 1952, fig. 16 North America. 
’. c. saltonensis Wirth; Wirth 1952, fig. 16. U.S.A 
". fagineus Ed.; Edwards 1939, fig. 68. England 
grisescens Ed.; Edwards 1939, fig. 63 England 
"kit Tokunaga; Tokunaga 1937, fig. 14 Japan 
’ luteovenus R. & H.; Root and Hoffman 1937, fig. 5 fexico, Canal Zone. 
", maculatus (Shiraki); Tokunaga 1937, fig. 15. Formos: 


C. tristriatulus Hoff.; Wirth 1951, figs. 7, 9; 1952, fig. 16. Alaska, California 


pulicaris group 

C. delta Ed.; Edwards 1939, fig. 61 England 

'. halophilus Kieffer; Edwards 1939, fig. 61 England, Europe 
’. impunctatus Goet.; Edwards 1939, fig. 60; Hill 1947, fig 
Ireland, Europe, Manchuria 

’, pulicarts (L.); Edwards 1939, fig. 61 Europe, 
Mongolia 

. yukonensts Hoff.; Wirth 1951, figs. 8, 10. Al 


Subgenus Monoculicoides n 


Type species: Culicoides nubeculosus (Meigen 


One spermatheca, second radial cell becomes included in a dark 


spot. Parameres divided or not 


fulvithorax group 


C. fulvithorax Austen; Carter, Ingran id Macfie 1920, fig. 6. Africa 
C. gewertzt Causey; Causey 1938, fig 

C. macfiet Causey; Causey 1938, fig 

C. rartpalpis Smith; Causey 1938, fig 
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guttifer group 
C. daleki Smith and Swaminath; Causey 1938, fig. 3. India, Siam. 
C. eguttifer Dem.; Causey, 1938, fig. 2. Southeast Asia, Maiaya, Siam, 
Sumatra. 
? C. praetermissus C. 1. & M.; Carter, Ingram, and Macfie 1920, figs. 16, 20. 


Gold Coast 


crepuscularis group 

C. alaskensis Wirth; Wirth 1951, figs. 22,25. Alaska. 

C. canithorax Hoff.; Root and Hoffman 1937, fig. 10. U.S.A. 

C circumscriptus Kieffer; Edwards 1929, figs. 52, 55; Tokunaga 1937, fig. 12 
Palestine, North Africa, England, West Europe, Asia Minor, Japan 

C. crepuscularis Mall.; Root and Hoffman 1937, fig. 9. U.S.A., Mexico. 

C. distinctipennis Austen; Carter, Ingram, and Macfie 1920, figs. 6, 7, 8, 20. 
Gold Coast, Nigeria, Uganda 

C. salinarius Kieffer; Edwards 1939, fig. 55. Europe, Algeria. 

C. sugimotonis Shiraki; Tokunaga 1937, fig. 16. Japan, Formosa 


nubeculosus yroup 
C. hegnert Causey; Causey 1938, fig. 1 Siam 
C. nubeculosus (Meig.); Edwards 19389, figs. 52, 54; Tokunaga 1937, fig. 13. 
Europe, England, Japan, Formosa, Manchuria, Mongolia. 
'. parrott Kieffer; Edwards 1939, figs. 52, 538. England, Algeria, Sahara, 


Turkey 
C. puncticollis Becker; Edwards 1939, figs. 52,54. Mediterranean, Baghdad, 
Dardanelle 
riethi Kieffer; Edwards 1939, figs. 52, 54; Root and Hoffman 1937, fig. 8. 
England, Europe 
ligma (Meigen); Edwards 1939, figs. 52, 538. England, Europe, Scandi- 
via, Afri 
riipennt (Coq rr Root ind Hoffman 1937, hg 7, Ss U 5 A . Mexico, 


Trinidad, Venezuela 


SYSTEMATICS 

The outstanding feature of the genitalia of the various species in 
this genus is the diversity of specialization of each part of that organ, 
whether the part is the parameres, the aedeagus, the end of the tergite, 
the inner processes of the basistyles or the claspers 

The genital apparatus with the minimum relative morphological 
specialization seems to be that possessing the undivided parameres 
This is accompanied by simplicity of morphology in many other respects 
The corresponding females, also, in regard to the spermathecal struc- 
tures, reflect a comparablk degree of specialization The female of the 
most generalized form possesses three equally developed spermathecae 
from which the spermathecal structure of the specialized forms is 
derived. These are (1) the forms with two spermathecae accompanied 
by a rudiment, (2) those having only one spermatheca, and (3) still 
others with unsclerotized spermathecac 

Various intermediate stages of this reduction in the spermathecae 
are available. More support is found when other observations on the 
spermathecal behavior are added Among those possessing two 
spermathecae and a rudiment there has been noticed in some ‘‘ aberrant 
individuals” of many species the development of the rudiment to a 


large bulbous spermatheca, cases of reversion to an ancestral char- 
acteristic. It has also recently been found that in some forms possessing 
a single oval spermatheca, one or (under proper preparation) two 


very minute rudiments can be seen in some females 
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Additional evidence of the reduction of spermathecae can be seen 
in some forms possessing two spermathecae with a normal but con- 
siderable inequality in the size of the two; one of them is on its way 
towards disappearing. Reduction in the number of spermathecae is 
very pronounced in this genus. So, presumably, future faunas of this 
genus will be characterized by more forms with fewer spermathecae 
However, it seems that the process of reduction of the number of 
spermathecae is a gradual and slow process and these structures there- 
fore become important signs in checking the primitiveness of a group of 
species in a general way 

In the past, the true significance of the spermathecal structures 
was not clearly evident. They were used for identification purposes 
and for differentiating limited groups. In the present work, it became 
evident that the spermathecal organs follow the male genitalia in their 
importance as phylogenetic sign-posts 

Before discussing the various groups in this genus it should be 
pointed out that other observations have led to the selection of the 
previously partly-described form as the probable ancestor. Forms 
closely allied to such an ancestor are few and zoogeographically limited 
in distribution, whereas more specialized forms are usually found 
away from such localities 

In the rest of the genera of Heleidae there are different stages in 
the reduction of the wing venation, especially the radial veins and 
their tenden y to torm the two radial cells These genera also show 
different specializations of the genitalia and other organs. It would 
be highly interesting to establish the family tree and correlate with it 
the scheme described here. Undivided parameres occur in certain 
primitive genera which are allied to the Culicoides 

Returning to the probable characteristics of the ancestral form, w 
have mentioned the undivided parameres in the male which ar 
accompanied by three spermathecae in the female. The inner processes 
of the sidepiece of such form should have been very poorly developed 
if at all, while the ninth tergite with the apicolateral processes should 
have been in a very poorly developed state 

The nature of the wing from the point of view of maculation is a 
matter hard to judge. The subgenus Se/fia which represents a group 
of species that could be regarded as relicts has plain wings. Ther 
is still a probability that their ancestor lost the spots, since the rest 
of the lines as early as are represented here have spotted wings Then 
the question naturally arises as to the nature of that spotting, especially 
in regard to the second radial cell. This cell in the subgenus Culicoides 
is included in a white spot; in the subgenus Monoculicoides it also 
starts as being included in a light spot in the early forms, and it is not 
until later that the dark spot appears We do not have early rep- 
resentatives of the subgenus Oecacta; the earliest form that we haves 
C. corti, is much modified and has the second radial cell included in a 
dark spot. Since the forms preserving most of the generalized char 
acters possess a second radial cell that is not included in a dark spot, 
it appears probable that the ancestor was thus, and did not have a dark 
spot. This latter characteristic, therefore, appears to have been 
developed independently in the various lines except in the subgenus 
Culicoides, where the ancestral condition is preserved 
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The ancestral aedeagus seems to have been quite simple in form, 


with a low arch and a wide membrane joining the sides of the arch 

Development of the ancestral form along the various lines involved 
the splitting of the parameres, which was a gradual process, first to a 
pair of very simple structures. Later, the various parts of the para- 
meres underwent progressive specialization. Other progressive changes 
which accompanied the specialization along the various lines wer 
the development of the inner process, the tergite with its apicolateral 
processes, and the specialization of the aedeagus through the elevation 
of the arch, the reduction in the membrane joining the sides of the 
arch, and the various modifications of the terminal portion 

Other modifications took place in other structures of the genitalia 
In the spermathecal organs, the spermathecae became two in number 
in the two subgenera Oecacta and Culicoides, into a single spermatheca 
in the subgenus Monoculicoides, while in the subgenus Selfia no 
sclerotization 1s evident 


Subgenus Oecacta Poey, new status 

Along this line, C. corti is the most primitive representative available 
to us for study. This species has retained many of the ancestral 
characters; namely, the inner process 1s still not developed, the aedeagus 
is primitive, the tergite is but poorly developed, and the parameres 
are half-way in the process of division. However, the spermathecae 
are already two in number, and the second radial cell has become 
included in a dark spot 

In the rest of the subgenus we do not recognize as primitive forms 
in the haematopotus group and its allies as in the other main branch 
of the subgenus, the villosipennis and guttipennis complexes. This 
is true when the shape of the aedeagus, and especially the presence of 
the membrane, is considered 

The line beyond C. corti seems to have split into two main branches; 
in the haematopotus complex the parameres acquired curious spinose 
apices and the inner processes of the basistyles become boathook- 
shaped, while in the other branch (composed of the villosipennis and 
gullipennis complexes), the parameres and the inner processes are 
modified or developed otherwise, the apices remaining without spines 
and the inner processes developed to a simple form 

Clavipalpis group. Starting from this group on through the rest 
of the branch the parameres underwent the most conspicuous modifica- 
tion in the tip, while the stem and base changed little. In this group 
the tips of the parameres are spinose, while the inner processes of the 
basistyles have not yet developed the boathook-shape In C. housei 
and C. kibunensis the spines of the parameres are not present. They 
could have disappeared. The same is possibly true of C. cunctans 
and C. pumilus. However, in the two latter species our information 
from the figures is incomplete. C. amazonius shows some affinity 
to this group when the shape of the parameres and the tergite is con- 
sidered. The delicate end of the parameres is probably the atrophied 
spinose tip. The aedeagus, however, is very curiously modified. On 
a smaller scale, such modified aedeagus is involved in other species 
of this group, e.g., C. oxystoma and C. housei. On the other hand, 
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because of such aedeagus, C. amazsonius may require a status inde- 
pendent from the rest of this group 

C. albomacula: The line beyond the scopus group has acquired the 
boathook-shaped inner process. This structure is present in C 
albomacula. However, in this species the spines at the apices of the 
parameres are not present Apparently the spines even beyond this 
branch were not established well and were not well developed even when 
present. A clear example of this is C. vexans. The development 
of spines is at its best at the peak of this complex 

{/bicans group: This group represents an offshoot of the line in 
which the parameres are long and delicate and the spines are not very 
well developed. The aedeagus is evenly arched and usually slender, 
and the tip is short. C. albicans is peculiar in this complex in thi 
development of spines on the membrane vantrad to the aedeagus 

Furens group: The stem of this group seems to have acquired 
stoutness in the parameres (with swelling) and their spines. The 
ancestral aedeagus is evenly arched and with short terminal portion 
A V-shaped aedeagus is a specialization in this group. In C. morisitai 
the curious tip of the parameres is developed by the fusion of the spines 

Haematopotus group: In this group we have a progressive stoutness 
of the parameres accompanied by the progressive cleaving of the tip 
of the aedeagus. This starts with C. vexans and C. brunicans and 
culminates in C. haematopotus and C. baueri and possibly C. acraensis 
C. saliht represents the intermediate stage. This split of the tip 
of the aedeagus is progressively accompanied by the reduction in the 
development of the side projections thus formed while the median 
projection, on the contrary, was in the process of better development 
In C. salihi apparently there is secondary reduction in the shape of the 
inner processes of the basistyles Apparently the degree of develop- 
ment of the hook shape depends on the function in which the parameres 
and aedeagus are also involved. This cleaving of the terminal portion 
of the aedeagus, apparently, had something to do with less need for 


strongly developed boathook-shaped inner processes 

Villosipennis and guttipennis complexes: This branch seems early 
to have separated into two main lines, represented at their bases by 
C. punctithorax and neavi group, respectively. In the gutlipennis 
complex the parameres are developing towards an angular form, the 
tergite is more strongly developed, and the complex culminates by th« 


] 


bended clasper and the spinose membrane 

In the villosipennis complex the parameres are not angular. They 
remain either slender or possess a swollen stem. The tip is not as stout 
as in the guttipennis complex. A bent clasper is not present; the 
spinose membrane is specific and not a group feature in the known 
forms 

Gultipennis complex: C. punctithorax, at the base of this complex 
still possesses a primitive aedeagus. The inner processes are already 
well developed. In C. neglectus the membrane of the arch of the 
aedeagus is reduced 

In the spinosus group there is development of spines at the tip of 
the parameres, somewhat like some of the groups of the haematopotus 


+ 


complex. However, the angularity of the parameres, the absence of 





44 Annals Entomological Society of America [Vol. 47 


stout or boathook inner processes and the greatly developed tergite 
do not warrant including this group with the haematopotus complex 

In C. domincii the tergite of this complex has become well pro- 
nounced. The spines of the membrane and the bent claspers are not 
yet developed, but apparently beyond this the line acquires a spinose 
membrane. This is the case in the biguttatus group. The parameres 
are angular and the tergite is well developed and deeply cleft 

In the schultzei group the stem and the tip of the parameres are 
stout and simple and characteristically curved. C. stonei apparently 
lost the spines of the membrane secondarily. In C. stone: and C 
weesei the claspers are bent, although they are less so in the latter species. 

In the gullipennis group the parameres possess not only angularity 
but also a swollen stem and a somewhat massive foot. The tip of the 
aedeagus is more elongate. Here also we meet again the bent claspers 
and the secondary loss of the spines of the membrane. This might 
introduce the idea that the main stem that gave rise to schultzei and 
gullipennis groups had originally possessed bent claspers. Bent 
claspers are absent in some forms of these two groups and could be 
the result of secondary loss. The other alternative is the development 
of such claspers through parallel evolution in which case no serious 
reason remains to separate the two groups, biguttatus and schullzei, from 
each other 

In the gutlipennis complex the remains of the membrane joining 
the base of the arch of the aedeagus seems to persist throughout the 
line. This is evident on examining each group. Some of the forms 
in each group seem to have that character. The extreme reduction 
should therefore be regarded as a later modification within the group 
limit. 

Villosipennis complex: Along the line of this complex we have 
progressive stages of deviation from the generalized form in the two 
groups, neavei and heliophilus. There is progressive reduction of the 
membrane of the arch of the aedeagus and spe alization in the para- 
meres, especially in the stem. The tip of the aedeagus along this line 
is short and truncate as is shown in these two groups; other shapes 
are of more recent modification. Any reduction in the inner process 
along this line, as is shown inf C. neavei, is secondary in nature. The 
presence of spinose membrane in C. copiosus is noteworthy. Thess 
spines of the membrane ventrad to the aedeagus, although they are 
often quite constant for the group, seem to show variation on the 
specific level and hence care should be taken in utilizing them for 
phyletic purposes. The difference between villosipennis and pictipennis 
groups is that of a more conspicuous modification in the stem and 
base of the parameres However, at the base of each of these two 
groups (cf. ousairani in the villosipennis group) remains are still found 
of the membrane of the arch of the aedeagus 


Subgenus Selfia n. subg. 

This subgenus is very limited in the number of species. It has 
already been discussed and described as being composed ot torms 
which preserved many of the generalized features. The parameres 
apparently are very little modified; the wings are plain. The processes 
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of the basistyles are strongly developed and of peculiar shapes. No 
sclerotized spermathecae are apparent. The aedeagus is often well 
and variously specialized. This subgenus stands distinctly in a unique 
position in this genus. The group cannot be regarded as possessing 
a common origin unless it is assumed that many of the connecting 
links are missing. This involves the two probabilities, that an unusual 
proportion of its species have not yet been collected or that it flourished 
at some ancient time. 


Subgenus Culicoides 

This subgenus seems to have evolved along two lines, the pulicaris 
complex line and the venustus complex line. 

Pulicaris complex: In this complex the tip of the parameres 
acquires and preserves fine hairs. 

The peregrinus group represents an early stage of phylogeny. There 
is not much differentiation in the tergite, in the aedeagus, or in the inner 
processes. The parameres show successive stages of differentiation 
from C. andrewsi to C. peregrinus. In C. andrewsi the parameres 
are in the process of splitting. It is completed in C. peregrinus. The 
line after this group shows the development of the inner processes 

The cockerellii group acquires stiff spines on the medial face of the 
basistyles This characteristic seems to be possessed by the line after 
leaving the peregrinus group. It is also present in the succeeding 
group. The basistyles, as Wirth has pointed out, possess no hump 
on their inner margin. This group still possesses the generalized 
aedeagus; the inner processes are present, but the apicolateral processes 
are still poorly developed, although they are little more prominent than 
in the peregrinus group. 

In C. tristriatulus the aedeagus is more modified than the groups 
below, the apicolateral processes become well developed and give a 
hint as to how the peculiar shape of the posterior border of the tergite 
of the following group arose. The line along this complex and at the 
point of this species confers on the basistyle a hump on the inner 
side at base (Wirth) which is pronounced also in the pulicaris group 

In the pulicaris group the aedeagus seems to be better differentiated 
than that of C. ¢tristriatulus from the point of view of the reduction 
of the membrane of the arch. The apicolateral processes that are met 
with in C. ¢ristriatulus seem in the group to have highly converged 
towards each other so as to result in a narrow indentation at the end of 
the tergite. 

Venustus complex: In this line the arch of the aedeagus develops 
at the tip an anterior tooth-like projection, and the base acquires a band. 
Both structures probably represent the persistent parts of the sclerotized 
aedeagal membrane. In this respect the chioplerus group represents an 
intermediate stage of reduction. 

In the chiopterus group the parameres are still slender, especially at 
the base. In C. grahami and C. pallidipennis the inner processes are 
not developed. ‘The tergite is more truncated. C. chiopterus is very 
much like these two species. It probably has a common descent with 
them, but of a later development because of the well developed inner 


processes. 
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The shape of the tergite indicates that C. austeni represents an earlier 
stage than the three prec eding species The parameres possess hairs at 
the tip as in the pulicaris complex. This later characteristic suggests 
that the ancestor of this whole subgenus possibly possessed parameres 
with a hairy tip. Remains of such hairs are encountered even in the 
venuslus group 

C. orientalis is little advanced except for the development of the 
inner process. The parameres are very much similar to those of the 
rest of the complex and are not hairy. It probably split early from the 


ancestor of C. austeni and preserved most of its ancestral characters 


C. obsoletus represents a species that stands by itself. The aedeagus 
and the inner process are very well specialized while the tergite is very 
primitive. The parameres are of the same nature as this group. This 
pect has been placed here mainly because it does not seem to fit any 
other group 

The ancestor of the venustus group had parameres which ar 
divided but have a conspicuously thickened base. Splitting of 
parameres is continued within the group limit and species representing 
progressive de grees of such plitting are available This process 1S 
culminated in C. venustus. In C. cova-garciai there are stiff spines 
on the median border of the basistyle, much like members of the 
pulicaris complex. This feature in this species is apparently a case of 
parallel evolution 

Many species have been described that belong in this group, such as 
C. marium Lutz (Fox 1948, fig. 3), C. diabolicus Hoffman (Vargas 
1944, figs. 3, 4; Fox 1948, fig. 5), C. painteri Fox (Fox 1948, fig. 7), C. 
oliveri’ F. and H. (Fox and Hoffman, 1944, fig. 5), C. inamollae Fox 
and Hoffman (Fox 1948, fig. 6), C. coutinhot Barretto (Barretto 1944, 
fig. 13), C. trinidadensis Hoff., C. flavivenula Lutz, C. lutzi Costa Lima, 
C. recifei Barbosa, C. rozeboomi Barbosa, C. verecundus Macfie, C 
palpalis Macfie, C. ocumarensis Ortiz, C. decor Williston. But there is 
a strong feeling among present workers that many of the species that 
could or do belong to this group do not deserve specific standing 
Many of them are synonyms or have probably but subspecific status 
Unfortunately there is but little agreement on the status of these forms 
and accordingly the present recorded distribution could not be utilized 
for this work 


Subgenus Monoculicoides n. subg. 


It has already been stated that in this subgenus the trend was 
towards the simultaneous reduction of two of the spermathecae and 
the retention of a single spermatheca. The reason also was pointed 
out for the belief that although most of the forms of this subgenus have 
the second radial cell included in a dark spot, the subgenus probably 
started with no dark spot on the second radial cell. 

Fulvithorax group: The main stem of this subgenus apparently 
gave rise to a branch in which the parameres became completely split. 
In the rest of the line the division of the parameres was never com- 
plete. The fulvithorax group represents the base of the branch in 
which the split came to completion There is no dark spot on the 
second radial cell. All possess primitive genitalia (C. fulvithorax 
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genitalia are not known to us). The parameres are divided; these and 
the aedeagus are simple The inner processes are deve loped 

In C. macfiet and C. raripalpis one spermatheca and two about 
equally reduced are present. C. fulvithorax has the same type of 
spermathecae except that they are a little elongated In C. gewertsi 


the spermathecae are unknown 

It is important to notice that the shapes of C. fulvithorax sperm- 
1 trend in this subgenus 1: 
‘his is shown by the study 


athecae are specialized and that the genera 
towards leaving a globular or oval one | 
of the spermathecal structures of forms other than C. fulvithoraa 

Guttifer group: In this group the parameres are also split. They 
are angular in shape, which suggests the shape of the parameres from 
which the crepuscularis group was derived. The wings have the second 
radial cell included in a dark spot. This change apparently occurred 
after giving rise to the fulvithorax group ancestor. The important 
specialization in the genitalia is the development of the angular-shaped 
parameres The femal possesses a single oval spe rmatheca 

Crepuscularis group: The parameres in this group have well differ 
entiated swollen stems. The second radial cell is included in a dark 
spot. There is a single oval spermatheca in the femal The aedeagus 
is highly modified, but the inner processes, basically, are 
deve loped 

Nubeculosus group: In this group the parameres remained incom 
pletely divided The shape of the parameres of C hegneri 1 appare ntly 
the most similar to that of the ancestor of thi group The oval shape 
of the spermatheca is also closer to that of the ancestral form, for the 
trend in the previous three groups of the subgenus was from round to 
oval The male inner processes are still not developed For these 
reasons C. hegneri has been placed at the base of the group. However, 
this species shows much specialization in the shape of the aedeagu: 
notably in the absence of the membrane This type ol aedeagus 
apparently was not present in the direct ancestor of the group. The 
rest of the group, therefore, is evolved from a form much like C. hegneri 
with the exception that it had a different aedeagus and a better 
developed inner process In the group the parameres remained half 
way cleaved and the spermatheca elongated 

In C. rietht, C. variipennis, and C. puncticollis a knob appeared 
where the harpes are splitting. The spermatheca of C. riethi is con 
sidered the more primitive 

C. stigma and C. parroti have much in common. The spermatheca 
of C. stigma apparently evolved by the narrowing of the end of a bent 


long one 


ZOOGEOGRAPHICAL ACCOUNT 
Subgenus Oecacta: 

In the two highly specialized groups of the haematopotus complex, 
the haematopotus group (mostly Holarctic) and the furens group (mostly 
American) are widespread. The albicans group, which is less special 
ized, is Holarctic. One species, C. albomacula, which 1s closer to th 
ancestral form, is Nearcti 
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The ancestral form could have originated anywhere in the Holarctic 
region. However, the Nearctic region seems the probable center of 
dispersion when C. albomacula is considered. This species is more 
primitive and it is Nearctic (Mexican). It could be that the C. 
albomacula-like ancestor gave rise to the albicans group which became 
Holarctic. Evolution and extensive dispersion went together. In the 
haematopotus group, the more primitive forms are Palaearctic; such 
forms are not represented in the Nearctic region where more advanced 
species developed 

Older species than C. albomacula are represented in the Holarctic 
and the Oriental regions 

Two other complexes of this subgenus are allied to each other In 
the guttipennis complex, the gutlipennis group is Nearctic; the schultsei 
group is Holarctic (one species is tropical), the biguitatus group is 
Holarctic; C, dominicii is Neotropical; the spinosus group is Nearctic 
C. neglectus is Palaearctic. The most primitive species is Ethiopian. 

In the villosipennis complex, the villosipennis group is Nearctic; 
the piclipennis group is Holarctic (one species is Ethiopian); the heli- 
ophilus group is Holarctic. The most primitive forms (neavt group) 
are Ethiopian 

In these two allied complexes we have parallel distribution. We 
have in each, a Nearctic group which had probably evolved in that 
region, as well as Holarctic forms. More primitive forms in each of 
the two complexes are Ethiopian. In the other main section of this 
subgenus (the haematopotus complex) the most primitive forms are 
Oriental and Holarctic 

Finally, the most generalized member of the subgenus, C. corti, 1s 
Oriental. This distribution suggests that the ancestral form of this 
subgenus is probably Oriental. Subsequently, this ancestor invaded 
the Ethiopian and the Holarctic regions. The subgenus underwent 
its most extensive evolution in the Holarctic region. 


Subgenus Culicoides: 

In the venustus complex, the venustus group is wholly American, and 
probably evolved in the Neotropical region. The form which is found 
in northern localities is a more recent = les, suggesting that it spread 
to the North. In the chiopterus group, C. grahami and C. pallidipennis 
are Ethiopian, as is the older species C. austeni; the species C. chiopterus 
which is close to C. grahami, became Holarctic. There is still an old 
form close to C. austeni present in the Oriental region. The pulicaris 
complex is Holarctic except for a few primitive species which are 
Oriental. The distribution of this subgenus also points to a probably 
Oriental origin 


Subgenus Monoculicoides: 

The nubeculosus group is Holarctic, with the most primitive species 
C. hegneri, Orientai; the crepuscularis group is Holarctic except for a 
species which is Ethiopian. The. guétifer group, consisting of more 
primitive species, is Oriental with the possible exception of one species, 
which is Ethiopian. The fulvithorax group, consisting of still older 
forms, is Oriental except, again, one species which is also Ethiopian 
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In this subgenus an Oriental origin is also indicated. The presence of 
these primitive species in the Ethiopian region represents dispersal 
probably more than once 

The subgenus Selfia is wholly Nearctic. 

From the previously described distribution of the genus it became 
evident that the Oriental region is rich in archaic forms. These old 
species fall into all the subgenera except the Selfia It seems reasonable 
to assume that the ancestral form was present in the Oriental region 
which served as the center of dispersion. Ancestral forms of many 
groups of insects appear to have that area as their center of dispersion 
Geological study sheds some explanation to this phenomenon. The 
instability of the Southeast continental shelf is a very impressing 
feature, and speciation through isolation should have been and still 1: 
an important event. 

The presence of these relicts in the Oriental region may suggest 
that the ancestor to this genus not only was present there at an early 
date but also it could have evolved there. However, this is not neces- 
sarily the situation. The ancestor could have evolved somewhere 
else, probably further north, since the climate there, early 
Tertiary, is believed to have been warmer than the present 4 
the Pleistocene glaciations quite probably resulted in the confinem« 
of the more primitive forms further south in regions known as ‘refuge 
and their absence from the Holarctic region at the present 1S ] robably 
due to the fact that this region is not very far from glaciation condition: 

The subgenus Selfia is restricted to the Nearctic region. It rep 
resents an old group that preserved many of the ancestral character 
istics. Apparently it was an early invader to the Nearctic region, 
either from the Palaearctic or the Oriental at some time when climatic 
factors were favorable. Later conditions along the dispersal rout 
became unfavorable and acted as a barrier against back dispersion 
No species of this subgenus has ever been reported from Alaska up t 


rit 


the present time 
It would appear that very early in the evolution of this genus 
dispersal to the Ethiopian region was easier. This is indicated by the 


presence there of species which possess and preserved many of the 


generalized characters. Examples of such species are found in all the 
three subgenera. It should be pointed out, however, that subsequent 
nvasion or invasions took place. This explains the presence of thi 
more specialized forms related to Holarctic and Oriental forms.  ( 
clarkei and C. schultzei are examples. Such late dispersal was to a 
lesser degree in the opposite direction too. The presence of ¢ 
chiopterus in the Holarctic region is an example 

From the distribution of this genus certain features become evident 
The close association of the Palaearctic and the Nearctic regions ha 
been realized for a long time. This has already been explained by the 
biologically favorable and frequent connections of the two regions 
which have only recently been disconnected The Oriental region 
had also a closer association with the Holarctic region than at present 
This is the result of the tnarked climatic barrier established between 
the Holarctic and Oriental regions in the late Tertiary 

The genus Culicoides, although represented in Australia, has never 
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is agreement among present 

alia, and New Zealand were con- 

he end of the Mesozoic period. Th 
and New Zealand first was severed 


ict with Asia until sometime before 


t tl 


Kocene whe he land ge disappeared. Genera allied to the 


Culicoides existed in the Cretaceous (Boesel 1937 “hi pe riod 

V rT omewhat early for the appearance ol the genus 
Culicoides. The absence of Culicoides from ! ‘aland suggest 
that the genu t] d of the Mesozoic, hi: n yet evolved, other 
wise it would ha ised the New Zealan rid The Culicoides 
of Australia must havi ide their entrance in the Paleocene, which 


ri 
is probably abou n me they first evolved 

Because of the limited period of connection between Australia and 

] 


Asia foll the appearan he genus Culicoides, only a limited 


number of primitive species m hi made use of the land bridg 


he speci lat nd in Australia should be 


{ 
no } 


accord if | 
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THE BROWN WIDOW AND THE BLACK WIDOW 
SPIDERS IN JAMAICA’ 
(Araneae, Theridiidae) 


W. J. BAERG? 
of Arkansas, Fayetteville, Arkansas 


Since the black widow, Latrodectus mactans Fabricius has been exten- 
sively studied and the available literature is rather comprehensive, this 
paper will deal largely with the brown widow. The black widow will 
be considered for making comparisons and adding such items as appear 
to be new 

Description. The brown widow, as it is known in Jamaica, also 
known as the gray widow, (Gertsch), Latrodectus geometricus, was 
described by Koch in 1841. When mature and about to produce a 
cocoon, it is a little smaller than the black widow in the same condition 
The former ranges from 9 to 11 mm. in length. The males, as for the 
black widow, are much smaller and vary widely in size. Nine males 
ranged from 2.5 to 4.5 mm. in length 

In color the brown widow varies from light gray to light brown, and 
almost black. The pattern on the dorsal aspect of the abdomen varies 
considerably with the degree of distension of the abdominal wall. Briefly, 
the pattern has been described as “with triangular black markings 
bordered with white” (Riley and Johannsen). The black markings, 
in two lateral rows, vary in size and shape and may be absent, but they 
nevertheless, are a fairly reliable character for recognition A median 
row of markings have combinations of dark, black, and white, or dark 
and black The hour-glass figure on the ventral side of the abdomen 
is orange or yellowish-red in color 

Distribution. The brown widow is reported as being distributed 
throughout the tropical parts of the globe and occurring also in some 
subtropical countries. Specifically it has been reported from Bermuda 
(Petrunkevitch); West Indies, South America into Argentina, Africa 
(Herms); in southern Florida, on the coast of southern California and 
Mexico, the dominant species Over most ol Brazil (Gertsch): as wide ly 
distributed in the tropics and reported from California and Florida 
(Riley and Johannsen); distributed in all tropical countries (Gerhardt 
and Kastner); Africa, Australia, India, South America (Sampayo) 

In Jamaica it occurs commonly in Kingston and its suburbs, in some 
localities in rather large numbers. Elsewhere in Jamaica it is known to 
occur only at Huntley in the parish of St. Ann (Bengry, personal com- 
munication In Haiti I found it abundant in the neighorhood of the 
Presidential Palace in Port-Au-Prince 
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Local distribution of the brown widow, as observed in Haiti as well as 
in Jamaica, 1s one of the most puzzling features in its biology. In 
Jamaica this species has been present for at least twelve years (Lewis); 
yet it has not spread beyond the corporate area of Kingston, with the 
exception ol the single Huntley record, near the north coast 

In Haiti the distribution seems to be similarly restricted. I found it 
only in the iron fence on the north side of the Presidential Palace and 
under the concrete benches in the nearby park. In Trinidad it is not 
known to occur; I was unable to find it there 

It seems obvious that the young, after emerging from the cocoon, 
spread by means of ballooning, as do the young of L. mactans and most 
other spiders including the trapdoor spiders. Local distribution in 
Kingston is uneven, but it covers probably all of the corporate area up 
to an elevation of 5000 fee Wherever it occurs it is usually abundant 
and is definitely a house spider. Situations like a partially enclosed 
verandah may furnish at least a dozen females with a corresponding 
number of cocoons Ledges on the outside of the house, especially on 
the north side, and window ledges, are often lined underneath with the 
webs of brown widows as are also the shutters in windows, particularly 
on the north side of the house. On open or partially enclosed verandahs, 
continuously used as a sitting room, or living room, the brown widows 
are common on the underside of small and large tables and under the 
seat of chairs. Another situation favorable for brown widows is in the 
garden of the Institute of Jamaica. Here the spiders had their webs 
in the animal cages and other suitable locations. Automobile Service 
Stations are still another habitat attractive for brown widows 

The reason for the abundance for his species on verandahs and other 
favorable spots 1S presumably the food supply, moths and beetles, attr- 
acted by light. Abundance of food supply, and lack of it, may in part 
explain the present distribution of the species in Jamaica. Insects, 
aside from ants, termites, and some cockroaches, are remarkably scarce 
in the island. Moths are abundant during fall and early winter months, 
uncommon from late January through spring and early summer 

The lack of proper food supply as a factor is further indicated by the 

carcity of other species of spiders in such places as stone walls. Miles 
of these walls may be seen 1n the parishes of Manchester and St James, 
but it is all but useless to look for spiders in the countless crevices 

It may well be that brown widows have failed to survive when spread- 
ing beyond the area where bright lights bring together an adequate 
supply of suitable insects. Natural enemies are another factor, as will 
be shown later in this paper 

$y contrast, the black widow is distributed throughout Jamaica 

[t is, however, scarce in all but a few places Two of these are the sand- 

bar, known as Palisadoes, in the harbor of Kingston, and Munroe College 
campus, in the parish of St. Elizabeth. In Kingston the black widow 
may be found perhaps anywhere in the corporate area, but it 1s decidedly 
rare In former years, judging by early reports, it was present in 

Kingston in alarming numbers; elsewhere in Jamaica it was much more 

common than at present. Authorities at the Institute of Jamaica 
believe that the brown widow is replacing, or crowding out, the black 

] 


widow (Lewis; Bengry, personal communication ) 
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The black widow has been in Jamaica for a long time, probably mucl 
longer than the brown widow. It was first reported by Sir Hans Sloan 
in 1725. Subsequently Patrick Browne, M.D., reported it 1n 
called it the ‘‘red-arsed spide r,”’ described mor | ntl 
~Tusca oblongo-quadrata, cauda rubra.” 


Che brown widow, Latrodectus geometricu 


Edward Long, in 1774, calling he ‘‘red 
a good de scription of 1t al d also an account 

Lady Nugent in her Journal (1804) repor 
in alarming numbers at Up Park Camp, Kk 


are reported as having died from the effect 
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is made for the part that fear will play 
Gosse described briefly the spider, its haunts, and habits, and states 


description of the symptoms of victims is fairly accurate, if due allowance 


1 1 


that it is held in great terror as highly venomous 


LIFE HISTORY 

Aside from the brief account by Vellard there appears to be no pub- 
lished information on the biology of the brown widow. Inasmuch as 
both this species and the black widow were readily available in. Jamaica, 
a study of the life history of both was undertaken. 

Methods of Study. Adult specimens, male and female, and cocoons 
were collected and kept in quart or pint wide-mouthed bottles. The 
lids of these bottles were kept on but not screwed tight. This appa 
rently provided enough ventilation and proper humidity. Water was 
supplied in a bit of cellucotton, once or twice a week. Food in the form 
of moths, beetles, or termites, was provided every three or four days 
Termites were not too satisfactory, but they were about all I could get 
from the latter half of April till the end of June 

No serious difficulties were encountered in maintaining adults or 
rearing the young. During the fall rainy season a fungus caused some 
losses in the young, especially of L. mactans; those of L. geometricus 
were largely immune to it 

Oviposition. The cocoons of the brown widow are somewhat smaller 
than those of the black widow. They are further characterized by a 
covering of spicul The number of cocoons made by one female was 
not determined but it may be estimated at four or more 

The number of eggs in a cocoon, in a lot of 11 cocoons, ranged from 

to 138, with an average of 88 eggs. Four cocoons contained para- 

This lot was taken in Haiti when the spring rainy season was well 
under way. During a severe drouth, such as occurred in Jamaica 
during the winter and spring of 1952, most of the eggs apparently fail 
to hatch. Out of 28 cocoons one had 103 young and eggs, one had 50 
young, one had ten young, one had six parasites. The rest were empty 
or had dried up eggs or dead young 

The same impression was gained from trying to get eggs to hatch in 
the bottles where the spiders were kept. By far the greater majority 
of cocoons collected and those produced in the bottles failed to produce 


young 
Incubation. Five brown widow cocoons whose ages were known 
produced young in an average of 31.6 days, with a range of 25 to 42 
days. This period presumably includes the first instar, if one may judge 
by observations made in the case of the black widow where the young 
spiderlings emerge from the cocoon when they have completed their 
first instar 

Development. The males of L. geometricus require much less time 
than do the females Ten males matured in an average of 28.5 days 
with a range of 17 to 387 days. Six females matured in an average of 46 
days, with a range of 34 to 57 days. Since in the females there is no 
such striking change upon reaching maturity, as the appearance of the 
palpal bulbs in the males, maturity in females is partly an estimate, 
based on size, as compared with other females that produc e cocoons 
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For L. mactans only two incubation records were obtained These 
were 31 and 32 days respectively. Three males completed develop- 
ment in 17, 25, and 50 days respectively. Four females ranged from 
59 to 96 days with an average of 74.5 days 

L. mactans was more difficult to rear than L. geometricus. During 
the late fall rainy season a fungus destroyed many of the young and some 
of the half-grown spiders. The more rapid development of males is 
clearly seen in both species. This may be a provision of Nature to pre- 
vent mating between siblings (Geschwister) 

Does the female kill the male? This hazard for the male of L 
mactans has been stressed without sufficient evidence. Actually male 
and female lived together in the same bottle for from 2 hours to 21 days 
In one instance the male killed and ate the female after the two had lived 
together for 12 days 

In the case of L. geometricus male and female are known to have 
lived together for from 1 to 14 days In this species the male and 
female are often found in the web of the female 

Longevity. Because of scarcity of a suitable food supply for the 
spiders, no serious efforts were made to obtain records from a properly 
representative number of individual spiders Five females of L. geo- 
metricus were alive after 55, 89, and 109 days respectively after hatching 
Six taken in presumably mature condition, of unknown age, lived from 
23 to 96, with an average of 56 days 

L. mactans under favorable conditions appears to have a somewhat 
greater life expectancy. Of two females observed from hatching, one 
lived 119 days. The other was still in good condition after 139 days 
Three females taken when presumably mature, were still alive after 93, 
139, and 213 days. Two mature females of unknown age lived 75 and 
114 days respectively 


NATURAL CONTROL 


The mongoose, introduced in 1872 to get rid of rats in cane fields, 


is an important factor in reducing the population of various arthropods 
as well as snakes, lizards, and birds It apparently does not feed on 
Bufo marinus, locally known as “bullfrog,’’ which was introduced in 
1844 and now occurs abundantly in Jamaica 

Lizards are very common in the island. At least 30 different kinds, 
species, subspecies, and geographical races, are known to occur there 
The ground-dwelling species are relatively uncommon in the country, 
where the mongoose is common, but are very abundant in cities and 
towns, a habitat that is unfavorable for the mongoose. Tree-climbing 
lizards are common in the country as well as in towns and cities 

Lizards feed readily on insects and spiders and doubtless play an 
important role in the control of both The fact that L. geometricus is 
much more numerous in Kingston than is L. mactans, may be due to the 
denser and stronger web of the former The loosely constructed web 
of L. mactans and its susceptibility to fungus attack may in part explain 
why L. geometricus is replacing L. mactans. In the country where 
ground-dwelling lizards are uncommon, the reduction, or near extermi- 
nation, of L. mactans may be due to a much reduced insect population 
following the introduction of the mongoose The latter probably feeds 
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piders’ as well, since it is known to feed on almost any kind of small 


nimal, vertebrate and invertebrate, including land snails. 


All 
Parasites. Parasites identified as Eurytoma arachnovora Hesse’ 


were frequently encountered during these studies. They doubtless 
play a significant role in the natural control of L. geometricus 


EFFECTS OF THE POISON 


The brown widow, according to Simon and Petrunkevitch (as stated 

Kastner) is relatively harmless. Phisalix reports that no accurate 
information regarding the effects of the poison is available. According 
to Gertsch, ‘“‘although it is venomous, its reputation is far inferior to 
that of the black widow.”’ Riley and Johannsen state: ‘‘there are no 
records of injur' man from its bite 

Vellard says that L. geometricus is much less aggressive and irritable 
than L. mactans. No case of a bite on man or domestic animal has been 
reported. The poison of the former is much less active than that of 
the latter, but both result in symptoms of the same type. A white mouse 
bitten on the nose died in 36 hours. A subcutaneous injection of 0.2 
mgr. brought on paralysis but not death. An intravenous injection of 


0.5 mgr. in a pigeon resulted in serious reactions but not death. A 


i pig was found to be more resistant to this poison than to that of 


guine: 
L. mactans. Sampayo found that it took 40 glands of geometricus, 
by intravenous injection, to result in death of a guinea pig 

As far as I can determine there are no records of L. geometricus 
ever biting a human being. In Kingston, where it as been for at least 
twelve years, is now very common, and 1s definitely the most common 
house spider, there are no reports of any bites on persons. That ‘‘its 
reputation is far inferior to that of the black widow” is an understate- 
ment It just hasn't any. The question regarding the effect of its 
poison on man becomes largely, if not entirely, academi 

On Man. However in order to find out just how the effects of the 
brown widow’s bite compare with those of the black widow I induced 
a mature femaie of L. geometricus to bite me on the inside of the left 
middle finger (9:00 a.m., July 6, 1952 

The spider was very reluctant to bite; after considerable coaxing, 
o the skin, and moving them slowly from 


holding the chelicerae close t 
ide to side, it responded. Two small punctures were clearly visible and 
ome poison was spilled over the skin. The pain at first was sharp 
but not severe. White circular patches around the punctures soon 
developed, but for an hour the pain actually declined. In two hours 
the pain had become strong enough to hold my attention. In four hours 
a reddish eruption, similar to heat rash, appeared just below the elbow 
It was decidedly damp to the touch but there was no sensation of pain 
The dampness oon appear d also on the back of the left hand In the 
finger the pain gradually became more severe and spread into the hand 
as far as the wrist. During the following night this was severe enough 
to keep me awake [ finally managed two hours of sleep, after a hot 


‘Now confirmed by Wolcott, 1953, Jour. Agric. Univ. Puerto Rico, 37: 2: 
‘Determined by H. D. Burk 





1954] Baerg: Latrodectus in Jamaica 09 


bath, soaking the hand in hot water twice at two-hour intervals, and 
taking two aspirin tablets 

During the following day the pain was somewhat less, but enough 
to hold my attention. This continued through the following night, 
but with the aid of aspirin I got several hours of sleep 

On July S the dampness on the elbow and on the back of the hand 
had disappeared. The pain in the middle finger was only a mild aching 
sensation which disappeared during the course of the day. The site of 
the punctures remained sensitive to the touch for another day. There 
was no noticeable swelling; neither were there any general symptoms, 
so far as I was aware 

The reluctance of the brown widow to bite man, explains at least 
in part, why there are no records of its bite on man. It is decidedly 
more reluctant than the black widow. Furthermore it probably doe: 
not bite under the circumstances that induce the black widow to attack 
(Baerg). The brown widow, when seriously disturbed in its web, folds 
up the legs and drops to the ground. In collecting specimens it is easiet 
to catch them as they drop than to try to extract them from the web 


SUMMARY 


The brown widow, Latrodectus geometricus, occurs locally or generally, 
throughout tropical and subtropical countries. In the United States 
it has been reported from southern Florida and southern California 

The female deposits several hundred eggs in four or more cocoons 
Incubation averages 31 to 32 days; males mature in an average of 28.5 
days; females in an average of 46 days. The males of L. mactans matured 
in 31 to 32 days; the females in an average of 74.5 day 

The females of both species are not so prone to kill the male as 
commonly supposed 

The longevity of L. geometricus appears to be somewhat less than 
for L. mactans; three months is probably a fair average under favorabl 


( onditions 
Natural enem 


fungus disease. They play an important part in the control and in the 


( include lizards, Irogs, mongoose, parasite ind a 
distribution of both species of 

The effect of the poison on Man 1S Ol acade 
appears to be no record of L geomelricus ever 
A test reported in this paper shows that the effe 
severe pain, but so far as now known, this is loca 


following the bite of L. mactans 
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d t10n, with modified title, ol Peter on’ well known 
‘Manual of Entomologi Equipment and Methods.’’ However, it is a thoroughly 
new edition, with important additions and deletion All the 160 plates of the 
previous editions have been retained, and 22 new ones, dealing chiefly with rearing 
and collecting equipment, have been added. Important introductory chapter 
dealing with the determination of ecological factors, cage microclimates, material 


This is the seventh 


( 
1 
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for cages, rearing insects and mites, marking insects (including tagging with radio 
1 otope and some technique ot collec ting, pre ervation, hi tological prepara 
tion, and illustration, hi been added or thoroughly revised. The abstracts of 
the old Part II have beer l New insecticide te ting tec hniques have been 
omitted, chiefly because ‘‘t > will be pre ented in book form bv other 

As in the previous editi , the author has presented techniques without con 
ment as to their effectivene - ‘some are excellent, others are fair, and a few are 
poor devices for the proble m with which they are associated in the literature 
Probably the chief value of thi publication 1n its pre ent form will be its usefulne 
in suggesting ideas''. However, it is a treasury of ideas which the author has been 
accumulating for more than twenty years (the first edition appeared in 1934 
and its value to entomologists, novices and seasoned workers alike, is tremendou 
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OBSERVATIONS ON CENTRAL AMERICAN 
BITING MIDGES 
(Diptera, Heleidae)' 


PAUL A. WOKE? 


Biting midges (‘‘sandflies’’) of the family Heleidae (Ceratopogonidae) 
seriously hinder the enjoyment of life in the coastal regions of Central 
America Although the annoyance caused by their bites has been a 
subject of much concern from the time of settlement by Europeans, the 
means for economically reducing their numbers are yet to be developed 
Any information on biting midges which can be made available might 
prove useful to interested authorities in formulating plans for further 
research aiming towards the control of these pests. The purpose of this 
article, therefore, is to report certain observations which the writer made 
while assigned to military duty in Central America during 1942 and 1943 

Grateful acknowledgment is made to the several officers of the Army, 
Navy, and Public Health Service, and to the officials of The Panama 
Canal, whose interest and coope ration made these observations pe yssible. 
Dr. Frederico A. Simoes Barbosa, Dr. Irving Fox, the late Dr. William 
A. Hoffman, Dr. Alan Stone, and Dr. Willis W. Wirth have determined 
and have verified determinations of, the species included herein, and 
have described the new species Specific identifications, particularly 
in genera other than Culicoides, often have been impossible owing to 
scanty knowledge of the species and to confusion in classificatior 


OBSERVATIONS MADE NEAR BALBOA, CANAL ZONE, REPUBLIC OF PANAMA 

The principal biting midge of importance as a pest of man 1n the 
Canal Zone, Culicoides furens (Poey), is abundant within the vicinity of 
beaches and tidal marshes. Many assume that the immature stages of 
these and other biting spec ies deve lop throughout the greater ¢ Xpanse 
of the tidewater zones, in areas covered by mangrove trees as well as in 
open areas, and at depth of as much as three feet. The cost for control 
estimated on the basis of these assumptions, is prohibitve 

Actually, the information which is essential as basis for formulation 
of control procedures and for the estimation of the cost which would be 
involved, does not exist The reproduc tive habits of the local heleids 
are virtually unknown. A thorough scientific study should precede 
planning of control operations 

The only published article known to the writer on the propagation 
Culicoides in the Panama Canal Zone 1s that of Carpenter (1951) 
arpenter found that the important breeding places of Culicoides in 
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farfan swamp wer generally confine d to low areas which were con- 
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Associated larval and adult Dipte ra were collected and the habitat 


environment was studied 


The working section (sec 


Methods 
fig. 1) 


map, was composed of three con- 


tiguous areas combining the diversity of environmental conditions which 


characterized the whol 
be referred to as the “opel 
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ginal’ area 


segment of tidal marsh 


The three areas will 
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The open area included the land from which the trees had been 
removed and a small portion of the highest part of the working section 
which probably never had supported mangrove trees. The area con- 
tained approximately 7 acres and supported a few small scattered trees. 
It was completely exposed to the effects of the sun, rain, and wind. 
A narrow strip of the muck flat extended into the lowest part. Depres- 
sions, gullies, and fresh water streams from the upper part, entered the 
extension of the muck flat High tides which twice daily covered the 
flat nearest the canal filled the extension in the open area at low high 
tide The highest spring tides reached the uppermost part of the open 
area 

The soil was black muck, high in organic matter of both animal and 
vegetable origin, and matted together with fine, dead roots. That of 
the lower part was constantly saturated; that of the higher part was pro- 
gressively dryer and firmer, the uppermost being quite firm. The 
temperature of the top half-inch of muck ranged between 33° and 36° C 
(91.4° and 96.8° F) when the air temperature about three feet above the 
surface ranged between 28° and 32° C (82.4° and 89.6° F). Temperature 
readings were made during the warmer parts of the day, at irregular 
times during the peroid of the observations. 

The open area was divided into five subareas roughly according to 
the relative frequency of inundation by high tide water during the period 
of observations. The dividing lines, shown in fig. 1, represent contour 
lines formed by the tide at elevations which are stated below 

The mangrove area formed a small part of the land which was covered 
by mangrove trees, adjacent to and on the same elevations as subareas 
3 and 4 of the open area. The trees were Rhizophora mangle L. The 
ground Was < ompletely shaded and partially protected from the effects 
of the rain and wind by the dense foliage. The soil was more firm than 
that in the parallel subareas of the open area and much of it was covered 
by mo 

The marginal area was a length of the margin of the mangrove area 
extended), adjacent to and on the same elevations as subareas 2 to 4 
of the open area It received the sun for a part of ea h day 

A field gauge in the working section served to indicate tidal eleva- 
tion In order to provide a permanent point of reference, the field 
gauge was adjusted to « orrespond, as closely as was pe ssible at the time, 
with the official tide gauge of The Panama Canal’s Office of Hydrography 
at Balboa. This was done by marking the field gauge during high tide on 
a calm day, to « orrespond with the elevation shown on the official gauge 

Sampling points, near which soil samples for the recovery of larvae 
were to be taken, were marked by numbered stakes at intervals along 
contour lines. These lines were indicated by the edge of the tide water 
at the times when the water level had reached the desired elevations on 
the reference gauge 

Larvae were recovered from soil samples according to the method 
described by Dove, Hall, and Hull (1932) and further elaborated upon 
by Hull, Dove, and Prince (1934 Each sample consisted of one quart 
of muck taken from the top one-fourth inch. Only surface samples 


were taken. A preliminary sampling at greater depths had indicated 


that most, if not all, of the larvae were to be found near the surface 
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The hydrogen-ion concentration of samples was determined colori 
metrically 
Emerging adults were recovered from the tidal marsh by means of 
emergence cages similar to those described by Dove, Hall, and Hull 
Adults were taken also 


Other adults were reared from larvae or pupae 
at electric lights and from man at several points within the marsh and 


in that immediate vicinity 


Fic. 2. Scoop for obtaining soil samples in recover 


materials that are commonly 


Equipment was improvised from 
isolation units were made from 
tins. Adult fly recovery cages were made from discarded 
and screw cap jars. An improved 
de veloped during the 


available Larval collection and 
discarded 
wooden boxe coop tor the col 
lection of soil samples, patterned alter a type 
work, is shown in fig. 2 

The implement is made of 20 gauge galvanized iron and is 75 mm 
wide, 125 mm. long, and 75 mm. deep The edges are beveled and 
before it is taken up in the scoop 


are used to cut the soil into block 
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guides for depth are marked on the side. The scoop 


work, has proven well suited to the purpos 


Results and Comments 

Culicoides larvae and pupae were recovered from the tidal marsh in 
llections made at irregular intervals during the period from April 
september 1942. Adults likewise were taken throughout this 

nee over 90% of these adults were C. furens (65 adults 
29, adult reared from larvae or pupae), the probabili V 


+ 
l 
1 

di 


TeCOVeTE d | irvae were al oO ¢ furens 1S strongly 


IT - 
cated. The remaining adult recoveries were all of one species, Culi- 


coides diminulus Barbosa 1951 (8 adults from trap 


TABLE I 


CORRELATION BETWEEN RECOVERIES OF Culicoides LARVAE, AND TIDAL ELEVATIONS 
FREQUENCIES OF TIDAL INUNDATIONS, AND TYPES OF EXPOSURI 


FREQUENCY OF RECOVERY OF Culicoide 
PIDAl INUNDATION LARVAI 
ELEVA d per mo 
TION 


feet 


MANGROVE AREA 
Subare 3-4 


MARGINAL AREA 
Subareas 2-4 


Table I correlates the recoveries of Culicoides larvae with tidal 
elevations, frequencies of tidal inundations, and types of exposuré 
“Frequency of inundation”’ is given as the average number of days per 
month on which one or both high tides (usually both) partially or com- 
pletely covered the area 

The high average number of larvae that were recovered in subarea 
t of the open area, 35.6 per sample, indicates especially high production 
in that area. Of the 41 samples, only 15 (87%, a comparatively low 
figure) yielded no larvae, while 8 yielded over 50 per sample One of 
these yielded 200 and another 434 

In subareas | to 3, covered by tide more frequently, far fewer larvac 
were found. Of 65 samples from subarea 3, 47 (72%) yielded no larvae 
whereas the highest number obtained from any one of the other samples 
was 21 In subarea 2, 34 of the 42 samples (81%) yielded no larvae, 
and no sample yielded more than five. Too few samples were taken 11 


subarea 1 for the results to be significant, but since these yielded no 
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larvae, at least the tendency toward decreasing yiel h increasing 

frequency of inundation, was continued 

Subarea 5, partially covered by the tide only infrequently and. for 
, 


brief periods, yielded few larvae. Nine of the 12 samples yielded none 
) 


In the mangrove area, the 6 recovered larvae were found in 2 of 28 


samples. One sample, which yielded one larva, was taken within the 


mangrove area 4 feet from the edge ot the 1 area The second 


“om ] $ At 
adult female of C. furens was reared from one of the 5 1 The 


remaining 26 samples, which yielded no larvae, were collected fron 


sample, which yielded 5 larvae, was taken 20 feet f1 


within the mangrove area at distances of 4 to 75 feet from the edg« 

In the marginal area, 13 of the 19 samples yielded no larvac 

The pH range of 8 soil samples which yielded Culicoides larvae wa 
5.6 to 7.8 (median 6.8); that of 47 samples from which larvae were not 
recovered was 4.6 to 7.8 (median 7.1) 

Subarea 4 of the open area ob\ 1iously produ ed almost all the larvae 
Many of those few found in lower and in adjacent areas might have been 
washed there from subarea 4. So many factors are involved, however 
that it is impossible to conclude from the evidence at hand that larval 
development is always restricted to this type of area 

The tendency toward decreasing incidence of larvae with increasing 
frequence of submergence bv tide, leads to the view that developme nt 
of larvae may not occur 1n the great area of the tidal marsh that 1 
covered twice daily by tides 

Consideration must be given to the possibility that Culicoides larva 
seek different depths in the muck, the amount depending on sucl 
circumstances as frequency, duration and depth of coverage by the tid 
water; texture, temperature and degree of saturation of the muck 
presence or absence of vegetation; and the influences of the mangrove 


trees Surface samples alone might fail to show the true extent of 


occurrence 
: ‘ 
Rearing 


Rearing of Culicoides larvae (all adults reared from larvae wer 
C. furens) was successfully accomplished on material from known 
habitats. The material was spread over a few inches of sand in cultur 
tubes, culture dishes, tumblers, or earthen-ware pots, to a depth of 
around 4 inch to 1 inch The sand was saturated with diluted ba 
water (sp. gr. 1.005-1.018). The medium was sloped and water covered 
only the lower part of the surface. An emergence cage was arranged 
over the vessel. Pupae usually formed above the water line. They 
projected vertically above the muck surface with the last few posterior 
segments anchored itn the muck 

Larvae appear best able to survive in low concentrations of bay 
water. The rate of mortality in those experiments in which the larvae 
were kept in clear water and without food was more rapid in either 
distilled water, tap water, or undiluted bay water (sp. gr. 1.023) than in 
diluted bay water. However, some mature larvae survived under each 
of these conditions for as long as 35 days, with no mortality during the 
first 5 days. Larvae swim rapidly about in clean water contained in 
laboratory vessels, frequently coming to the surface of water 31% inche: 


deep They are strongly negative to light, and they tend to stay near 





Annals Entomological Society of America [Vol. 47 


bottom and to go under or into any debris that is present. Adults 


survived on sugar solution for as long as 12 days after emergence 


Adult Culicoides Collections 


The following collections of Culicoides adults were made within 
the working section of the tidal marsh or in the immediate vicinity 


The larval habitats, however, may or may not be associated with the 


marsh 


Culicoide furen Poey Twent one collections, totalling 250 adult plu: an 
indefinite number of adults in an additional collection Part were collected 
it electric lights between 7:00 and 10:30 p. m Part were collected about 
man (7 were biting) in bright sunlight and in shade of mangrove trees, under 
bright electric lights and also in darkness, during the hours of 9:00 a. m. to 
9:00 p.m. Several were taken in sleeping quarters at different times of the 
day lhe collections were made during February through October, 1942 

ulicoides guttatu Coquillett C. diabolicus Hoffman Seven collection 
totalling 42 adult These collections were made at electric lights between 
7:00 and 10:00 p. m., during June and July, 1942 

ulicoides guyanensis Floch and Abonnenc (=C. stubalensis Fox Twelve col 
lections, totalling 66 adul Sixty-three of these were collected at electric 
lights between 7:00 and 10:00 p. n Three were taken while biting man 
between 7:00 and 8:00 p.*m Che collections were made during June through 
September, 1942 

ulicoides diminutus Barbosa See Barbosa, 1951 Four collections, totalling 
11 adult Three adults were taken while about man, and 8 were recovered 
from emergence tra at ite which were reached \ high tides when the 
tidal elevation was between 14.5 and 14.9 feet The collections were made in 
May and in July, 1942 

ulicoides woket Fox. (See Fox, 1947 Four collections, totalling 18 adults 
Eleven of these were taken about man in shade of mangrove trees and in full 
unlight, between 9:00 and 10:00 a. m. Seven were taken at electric light 
between 8:30 and 9:30 p. n [he collections were made in April and in June, 
1942 

ulicoide rozeboomt Barbo See Barbo a, 1947 One idult wa 
electric light between 7:00 and 8:00 p. m. on June 30, 1942 


{ssociated Heleids and Other Diptera 

Several species of heleids and other diptera which are not known to 
bite man were recovered from the working section of the tidal marsh 
and within the vicinity. They form an important part of the environ- 
mental complex. In addition to modifying the habitat of Culicoides, 
their presence 1S ndicative of the characteristics of the environment, 
thereby providing information which 1s useful in research and in surveys 

Dasyhelea larvae were recovered coextensively with Culicoides in the 
open area of the tidal marsh. The distribution within this area, however, 
was related to the presence of fresh water rather than to fluctuations 
of the daily tides. Most of the recoveries were made from the edges of 
fresh water streams and from a portion of the marsh over which flowed 
a broad sheet of fresh water about lg inch deep 

Sample s for recovery of larvae and pupae of Dasyhelea were taken 
at irregular intervals during the period of April through September 1942, 
but both adults and the immature stages were recovered only during 
July through September 

Three undetermined species of Dasyhelea were found among approxi- 
mately 1000 adults obtained from several (uncounted) rearings and in 


36 trap collections at 22 sampling points 





1954} Woke: Central American Ileleidae 69 


The average number of larvae recovered per sample was 12.9 (208 
samples, 2,682 larvae). Of the 208 samples, 151 (72%) yielded no 
larvae, while 16 yielded over 50 per sample. Three of these yielded 
238, 301, and 465. The remaining 41 samples yielded 1 to 49 larvae 
each 

Of 47 samples from the mangrove area, 42 (89°) yielded no larvae 
Three samples taken within the mangrove area 15 to 20 feet from the 
edge of the open area, yielded | larva each. Two samples taken in the 
marginal area yielded | and 9 larvae, respectively 

The pH range of 20 samples which yielded Dasyhelea larvae was 5.4 
to 7.8 (median 7.0); that of 35 samples from which larvae were not 
recovered was 4.6 to 7.8 (median 7.0) 

Dasyhelea larvae were isolated from muck samples by the following 
method. The sample was stirred into water, after which the mass was 
poured into shallow vessels and the muck allowed to settle. The larvae 
were removed and placed in clear water as they appeared on the surface 
of the muck. Early removal is important. Being non-swimmers 
the larvae remain on the muck surface. When left thus they soon 
become motionless and unresponsive to stimulatio: After several 
hours they die On the other hand, when removed to clear water within 
a few hours, they usually respond well and soon show normal activity 
In clear diluted bay water, larvae have survived for as long as 26 days 
Survival was better in low concentrations of bay water than in either 
tap water or undiluted bay water 

Activity in diluted bay water contained in laboratory vessels con 
sisted in repeatedly touching head to tail, thereby forming rings of their 
bodies, then quickly reversing to do the same in the opposite direction 
When two or more larvae were brought together they entwined. Larger 
numbers formed small “‘balls.’’ Larvae often lay motionless for minutes 
at a time on the bottom of the vessel 

Dasyhelea larvae were reared in the manner that has been described 
for the rearing of Culicoides, except that the water level was kept below 
the muck surface. Larvae placed on the moist surface penetrated the 
muck within a few minutes. Some larvae went entirely below the sur- 
face; others remained at the surface with the last few segments exposed 
The anterior end of the pupa projects vertically from the surface of the 
muck, as noted for Culicoides. Pupae recovered from muck samples 
survived on damp sand, and adults later emerged 

Stilobezzia coquilletti (Kieffer). Fifty-six adults were reared from 
larvae collected during August and September of 1942. The larvae had 
been recovered from algae and black muck taken from a shallow stream 
of fresh water which flowed through the tidal marsh. The .pH range 
of the muck (four samples) was 7.0 to 7.8 (median 7.2). The area was 
fully exposed to the sun throughout the day and was flooded for brief 
periods by high tide water on about 15 days of each month 

The larvae were unusually active and were easily observed on the 
surface of the muck or algal mass, in which they were exceedingly 
numerous. In moderate light and otherwise undisturbed, they laid 
with the posterior portion of the abdomen anchored in the medium and 
with the head, thorax, and first few abdominal segments exposed and 
active at the surface On disturbance, as by touch of the medium or 
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by the flash of a bright lig] hey retreated rapidly. The larvae do not 
vim. While descending a few inches in water, they touched head to 
tail, forming their bodies as ring Placed on muck, they disappeared 
into it within a matter of seconds 
Since the larvae are alternately exposed to fresh and to tide waters, 
more exact observations were made on their ability to survive in each of 
these media. Larvae were observed for several days to remain active on 
muck continuously under fresh water. Of 20 larvae held in each of three 
amples of water—tide water, fresh water, and a 1: 1 mixture of tide 
and fresh water—half in each group survived for 12 days. None sur- 
vived beyond 22 days in the tide water, nor beyond 37 days in the 
y in the fresh water on the 37th day 


mixture. Two were still |] 

Rearing was accomplished on muck and on algae taken from the 
habitat, in the manner described under “Culicoides”? except that fresh 
water was used in place of bay water. Mature and pupating larvae 
were obtained within 10 days from 114 small larvae which probably 
were not more than a few hours old when collected 

Pupation was completed within about 60 to 70 seconds, without an 
apparent preliminary rest period. The pupa, at first light gray like the 
larva, became brown within a few hours. Pupae projected vertically 
above the surface of the soft muck with the last few abdominal segments 
anchored to coarser particles in the muck. The anterior end was seen 
to wave about when the pupa was under water. Pupae that formed 
in water in laboratory vessels without muck continued to rest on the 
bottom of the vessel, as did the larvae When such pupae were plac ed 
on moist sand, adults later emerged from them 

Five 2-day old pupae, transferred from muck to fresh water, rested 
at the surface of the water Adults emerged from all five the following 
day. The period from pupation to emergence of the adult was deter- 


* 


VII 


mined for 45 pupae as being less than 78 hours 

The larval habitats of the species ol heleid adults listed below are 
not necessarily associated with the marsh, although the adults were 
collected within the tidal marsh or in the vicinity 
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Numerous adult Diptera of other families were taken with Heleida 
in traps in the open area of the tidal marsh. They belong to the families 
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Psychodidae (taken also at lights), Phoridae, Dolichopodidae, ind 


Ephydridae. The last mentioned included Polytrichophora setulosa 
(Cresson), Pseudohecamedo abdominalis (Williston), Alissa n. sp., and 
Nostiman. sp. The two latter were determined as new species by Wirth 


OBSERVATIONS MADE ON TABOGA ISLAND, BAY OF PANAMA, R. P 

Heleid sandflies were numerous on the sandy shore of Taboga Island 
and up to at least 120 feet on the sides of the hills which rise sharply from 
the shore. The island is dryer and cooler than the mainland of Panama 
Besides sandy beaches and fresh water streams, other usual habitat: 
abound. Rot holes, rotted-out trunks, crevices, and other suitable 
places in trees, and crevices in rocks on the sides of the hills, are unusu 
aliy numerous 


Culicoides furens (Poey Two adults (1 biting) were taken about man at 4:00 
p. m. and at 9:00 p. m., on September 12, 1942 . 

Culicoides guttatus (Coquillett) (=C. diabolicus Hoffmat collection 
totalling 6 adult Five were collected at electri light between 9:00 and 
10:00 p. n One was taken while biting man at 10:30 p. n rhe collectior 
were made September 12, 1942, on a hillside 120 feet above the seashore 

Culicoides paraensis (Goeldi). Five adults were collected while about man under 
electric light on a hillside between 5:40 and 6:00 a. m. on September 14, 1942 

Culicoides sp. (debilipalpus group Six collections, totalling 51 adult Chese 
collection were made while the insects wert 1 or about man, between 5:50 
and 8:50 a. m., at 11. a. m., 4:00 and 8:30 p. m slectric lights were on at 
5:50 a. m., and at 8:30 ,). m Che insects were abunda in acious. Many 
had taken full blood meals before capture } } made pep 
tember 11 to 13 and October 7, 1942, on in nah ide 120 feet 
above the hore 

Forcipomyia sp. One adult was taken at electric lig] , on September 
11, 1942 

Dasyhelea sp. Three adults were taken at electt lights in sl ing quarter 
on hillside at 9:00 p. m. on Septem! 


COLLECTIONS MADE AT CORINTO, REPUBLIC OF NICARAGUA 


The following collections of heleids were made on Isla Aserrador 
in the vicinity of the Port of Corinto. Identifications were not availabl 
for inclusion of the records in an eariler article (Woke 1947) dealing wit] 
arthropods of sanitary importance in Nicaragua 
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SUGGESTIONS FOR FURTHER RESEARCH 


A great amount of new information must be acquired before large- 
scale control of the midge pests of man in Central America can be intelli- 
gently planned and economically carried out. Some of the fields that 
are in most immediate need of investigation are these 

1. Identification, geographical and seasonal distribution, life his- 
tory, habits, environmental relationships, and flight range for each 
local species of biting midge that attacks man. Information of this 
kind should be obtained on all flies that attack man, and on all those 
that possibly share the same environment as the important midges 
This information is necessary since the application of measures providing 
effective control of one species might provide suitable conditions for the 


propagation of another 


2. Evaluation, separately and in combination, and with respect 
to heleid reproduction, of the important factors in the habitat of the 
immature stag This evaluation will involve (a) an analysis of the 
factors which determine the general characteristics of the environment, 
such as the fluctuation of the tides, flooding by fresh water as by rains, 


slope of the ground, exposure to sun, and presence of vegetation, and 


(b) an analysis of the factors that ar intimately associated with the 
soil habitat, such as physical and chemical composition, structure, 
texture, mineral and organic matter content, water-holding capacity 
and amount of aeration, alinity and hydrogen-ion concentration, micro- 
organisms, and plant and animal life. Some factors, such as hydrogen- 
ion concentration or the presence of specific halophytes, should be deter- 
mined because of their role as indicators of correlated conditions; they 
may not, in themselves, affect the suitability of the environment as a 
habitat. Thorough knowledge of the requirements of each species 
should aid (a) in surveys, for rapidly locating and delimiting important 
areas that support larval development, a first essential for planning of 
control operations, and (b) in control research, especially in investi- 
gations aimed toward development of means of naturalistic control 
The alteration of one or more factors in the environmemt might so alter 
the character of the medium as to render it unsuitable as a habitat 

3. Further improvement of survey procedures for the rapid deter- 
mination of the approximate limits of the larval breeding places, in order 
that the extent of control operations may be reduced to a minimum 

1. Investigations to develop possible control measures having either 
general or limited applicability, through: (a) Establishment of suitable 
natural cover of vegetation over known habitats, such as by extension 
of the mangrove trees or by planting bushes, vines, weeds, or grass 
The seeming preference of C. furens for areas exposed to the sun, as 
larval habitats, and the scarcity of larvae in areas covered by mangrove 
trees, suggests this measure. (b) Raising (by filling) the elevation of 
areas known to produce larvae, to a level at which larval development 
does not occur. (c) Lowering (by excavation) the elevation of areas 
known to produce larvae, to a level at which larval development does 
not occur. (d) Impounding tide water over areas known to be import- 
ant in the production of larvae, and concentrating 1t by evaporation 
until its salt content is above the limit tolerated by larvae 
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SUMMARY AND CONCLUSIONS 


1. Observations on the occurrence and habits of several biting 
midges (‘‘sandflies’’) of the family Heleidae (Ceratopogonidae) in 
Central America, made in 1942 and 1948, are reported in the hopes that 
the information may prove useful in formulating plans for further 
research aiming towards control 

2. The following species of Heleidae were collected as adults 
Near Balboa, C. Z., R. P.: Culicoides furens (Poey), C. guttatus (Coquil 
lett), C. guyanensis Floch and Abonnenc, C. diminutus Barbosa, C. woket 
Fox, C. rozeboomi Barbosa, Stilobezzia coquilletti (I<ieffer), Dasyhelea 
sp., Atrichopogon sp., Forcipomyia sp., Johannsenomyia sp., Bezzia sp 
Taboga Isalnd, Bay of Panama, R. P.: Culicoides furens, C. guttatus, 
C’. paraensis (Goeldi), C. sp. (debilipalpus group), Forcipomyia sp. Dasy 
helea sp. Corinto, Republic of Nicaragua: Culicoides furens, C. phle- 
botomus (Williston), C. diminutus, Leptoconops bequaerti (Kieffer 
Dasyhelea sp 

3. Habits, environmental relationships, and methods for rearing and 
handling are described for Culicoides, Dasyhelea, and Stilobezzia coquil 
letti (Kieffer) 

1. An investigation of the habitat and environmental relationships 
of the immature stages of Culicoides (predominantly C. furens) was made 
in a typical section of tidal marsh near Balboa, C. Z., R. P. The overall 
objective was to determine the limitations of the larval habitat as a 
possible key to more economical control Two hundred ten muck 
samples yielding 1600 larvae were recovered in 3 adjacent areas of the 
marsh 
5. By far the largest average number of larvae (35.6 per sample 
were recovered from a subarea which was fully exposed to the effects of 
the sun throughout the day, and which was completely inundated twice 
daily by high tides on an average of about 13 days per month. The 
tidal elevations at the times when the edge of the tide water reached 
the lower and the upper limits of this subarea, were 14.8 and 15.3 feet, 
respectively 

6. Comparatively few larvae (averages of 0.0 to 1.5 per sample) 
were recovered from four subareas having the same general conditions 
as the subarea of high larval counts except for the influences of the high 
tides. One subarea of the four was partially and briefly covered by the 
highest spring tides on only about 6 days (average) per month, and never 
completely covered. Three subareas of the four were completely 
covered twice daily by high tides on an average of about 19 days to 21 
days per month : 

7. Comparatively few larvae (averages of 0.2 and 0.8 per samplp 
were recovered from an area of marsh covered and completely shaded 
by mangrove trees, and from an area only partially shaded 

s The foregoing results lead to the conclusion that the development 
of the larvae of Culicoides furens in the vicinity of Balboa is favored by 
moderate influence from tides and by exposure to the sun. As resubts 
from more thorough and more systematically conducted research in 


other places provide the necessary information for more definite delimi- 


tation of habitats, restriction of the application of control measure 
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will be possible, with attendant reduction in 
are made as to fields that are in need of investigation 
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rTHE INTELLIGENT USE OF THE MICROSCOPE, by C. W. OLLIVER. 1953 
Second Editior Chemical Publishing Co., Inc., 212 Fifth Ave., New 
York, N. ¥ Pp. vilit+192. $4.00 

[his book, as the cover brief explains, ‘‘avoids the two extremes of too much 
theory divorced from its practical implications and the rule-of-thumb type of 
instruction which remains unexplained Nevertheless, the beginner, for whom 
the book is primarily intended, may find it necessary to review some aspects of 
optical theory before attempting to proceed This being done, a book such 

this should be especially valuable to the beginner as well as to many con 

iderably beyond that stage he list of contents runs: (1) Introduction; (2 

Optical Theory; (3) Numerical Aperture and Resolution; (4) The Microscope, 

its Components and Accessories; (5) Selecting the Right Equipment; (6) Illumi 

ition; (7) The Microscope in Use; (8) Measurements and Counts; (9) Filter 
10) Photomicrography; (11) Special Instruments and Applications; (12) Phase 
Contrast Microscop) A general bibliography, as well as one for phase contrast 
microscopy, is given. A chapter on microtechnique, often included in book 
on elementary microscopy, is omitted in the present case, the author feeling 
that adequate treatment of this subject requires a separate volume In the 
pretace to the econd edition, brief mention is made of a new de velopmer t, the 
reflecting microscope in which ler ; ire replaced by pecial mirror ’ 

ill undoubtedly be of intere nany biologists, since 
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perhaps be most useful as an adj , but as an important adjunct, to other work 
on microscop) Ray More! 





ORTHOPYGA AND CAMPYLOPYGA, NEW 
DIVISIONS OF DIPTERA 


M. L. ACZEL 
Miguel Lillo Foundation, 
lucuman, Argentina 

Of the different concepts of suborders and other higher taxonomical 
categories of Diptera, those of Latreille (Nematocera, as Nemocera 
1817, 1825) and Macquart (Brachycera 1834, pp. 14 and 24) are the most 
generally used and accepted. These suborders were erected exclusively 
on the number of the existing segments of the antennae and of the maxil- 
lary palpi. 

Later Brauer (1880) erected his new suborders Orthorhapha and 
Cyclorhapha, based on the form of opening of the pupal exuviae through 
which the adult escapes. Unfortunately the pupal exuviae of the 
“Orthorhapha”’ (skin of the chrysalis) are not homologous to the pupal 
exuviae of ‘‘Cyclorhapha’’, Stratiomyiidae and some _ Itonididae 
(Cecidomyiidae) which consists of the hardened skin of the third larval 
stage (puparium which encloses the true chrysalis). Many subsequent 
outstanding workers in dipterology (e.g. Osten-Sacken 1892, p. 422; 
Hendel 1928, p. 6,) rejected these categories which are, however, used 
still by some authors as suborders, or as subdivisions of Brachycera. 
Hendel combined these two concepts (1928, p. 7), erecting three sub- 
orders: Nematocera, Brachycera orthorhapha and Brachycera cyclor- 
hapha. Other authors however combined the suborder concepts of 
Latreille-Macquart and of Brauer in a different manner, causing the 
recent confusion. It would be very difficult to find in the textbooks 
two identical internal divisions of this order; in a few such books even 
the long rejected suborders of Enderlein (1925) continue to appear. 

In order to clear up once for all the actual confusion, the writer would 
strongly insist on the definite suppression of the useless names of 
Orthorhapha and Cyclorhapha of Brauer and on the uniform acceptation 
of the suborders of Latreille and Macquart by which a rigorously and 
clearly defined division was established for the first time in Diptera. 
The suborders Nemocera and Brachycera separate the huge bulk of 
Diptera in two well delimited groups, principally by the difference in the 
number of the segments of maxillary palpi (four or five and mostly 
pendulous in Nemocera, only one or two and porrect in Brachycera) 
and by the absence (Nemocera) or presence (Brachycera) of a cerebral 
plate on the postcranium (a complementary character of Hendel 1928, 


I 
p. 15). Both principal characters have their origin in morphological 
differences which arose during the evolution of this insect group and 
nowadays no connecting links exist. It is unfortunate, however, that 
the character of the antennae, from which the suborders originally 
received their names, is very diverse in the Diptera. The brachycerous 
Rhachicera and many stratiomyiid flies have more filiform antenna 
than the nemocerous Bibionidae or Melusinidae (Simulidae). 


i” 
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In studying the general morphology of various groups of Diptera 
the writer has found bases for a uniform interpretation and terminology 
to the postabdominal structures of the male Diptera which hitherto 
have not been summarized and published, and which offer an outstand- 
ing taxonomic character by which the bulk of Diptera can be separated 
in two principal groups other than the suborders of Latreille-Macquart. 


BASES FOR A UNIFORM INTERPRETATION AND TERMINOLOGY 
OF THE POSTABDOMINAL STRUCTURES 
OF MALE DIPTERA 

The determination of the homologies of the male genitalia of insects 
is an extremely difficult task and it is nearly impossible without clearly 
established bases. This is espec ially so 1n Diptera in which order the 
male postabdomen undergoes dislocations, torsions and reductions. 

Definitior-of the terms preabdomen and postabdomen. Dealing with 
Syrphidae, Metcalf (1921) introduced the following convenient terms 
which hitherto need an exact definition. Preabdomen: Composed of 
three to seven normally developed and mostly complete segments, each 
with tergite, sternite, one pair of spiracles, and pleural and interseg- 
mental membranes, which retain their original position and never under- 
go a dislocation Only the last preabdominal segment may not be 
complete. The two basal segments always belong here in spite of their 
modifications (reduction, union or secondary subdivision). Post- 
abdomen: Composed of two to six segments (not counting the proctiger) 
which if complete, are modified and transformed; if retaining their 
original position, are more slender and less chitinized than the pre- 
abdominal segments; or they may be dislocated, distorted, reduced or 
joined forming segmental complexes. 


THE PRINCIPAL LANDMARKS OF THE MALE POSTABDOMEN 

The most useful landmarks for the identification of the parts of the 
postabdomen are the aedeagus (penis+appendages), the cerci and the 
anal opening. In the following discussion the writer used principally 
the terminology of Crampton (1934) without repeating the synonymies 
which may be found in that paper. Apart from this it is advisable to 
consult the text and figures of the papers of Cole (1927), Edwards (1934, 
pp. 4-6), Hendel (1928 and 1937), Hennig (1936, Zeitschr. Morph. 
Oekol. Tiere 31.367; 1938, 1939, 1941 and 1948), Metcalf (1921), etc. 

1. The fact that the aedeagus is a sternal structure, enables us to 
identify the ninth sternite. 

2. The fact that the cerci, situated always near the anal opening, 
represent the appendages of the eleventh abdominal segment of the 
lower insects, erlables us to identify the real termination of the abdomen. 
The anal opening and the cerci also indicate the location of the ninth 
tergite, since in higher Diptera the remains of the non-segmental anus- 
bearing telson, the cercus-bearing eleventh segment, and the tenth 
segment, which together form the segmental complex named proctiger, 
tend to unite to the ninth tergite. 

The ninth abdominal segment or andrium is the true genital segment 
of the male. Its tergite is referred to as the epandrium and its sternite 


is referred to fas the hypandrium in the lower insects. Crampton 
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(1942, 106) does not take exception to this, and the writer proposes the 
general acceptance of these useful terms in dipterology. 

3. The fact that the anal opening with cerci is always placed dorsad 
to the ventrally located hypandrium in lower insects, it is of great value 
in determining the tergal and sternal structures in the dislocated and 
distorted postabdomen of male Diptera. 

The epandrium and ils appendages. The epandrium or the tergite 
of the ninth (genital) segment possessed originally a dorsal and horizon- 
tal position and usually bears a pair of lateral processes. Crampton 
first homologized these processes with the surstyli of lower insects which 
serve as accessory claspers in mating. We have therefore to assume 
that the ancestors of Diptera possessed surstyli and if they lack these 
in some recent groups (e.g. in Taeniapterinae or ‘‘ Calobatidae’’, family 
Tylidae), they must have disappeared. To avoid confusion it is inadvis- 
able to apply the designation styli or dististyli to the surstyli, the disti- 
styli being the distal segment of the genital forceps which is the appendage 
of the hypandrium. 

The proctiger is usually situated in the distomedian region of the 
epandrium. In lower Diptera the proctiger is generally smaller and 
more inconspicuous than in the so called ‘‘Cyclorhapha’”’, in which group 
the weil developed proctiger modifies the shape of the ninth tergite, 
frequently occupying the central region of the epandrium dividing its 
median and distal parts in two lateral regions which bear the surstyli at 
their apex. In some other groups the distal border of the epandrium 
may be more or less profoundly emarginated, a character known as the 
cercal emargination. The shape and size of the cerci is variable in the 
different groups; in lower Diptera it is generally small, in the 
Acalyptratae it is variable in size, and in Calyptratae and Dolicho- 
podidae it is large, terminating 1n a pair of heavily chitinized processes 
(parapodial plate of Cole) which may be larger than the surstyli. 

The hypandrium and its appendages. The hypandrium or the sternite 
of the ninth abdominal segment had originally a ventral and horizontal 
position in Diptera and usually bears a pair of lateral processes, which 
the writer proposes to call parameres (styli, forcipate parameres of 
Crampton, genital style of Cole, forceps or gonopoda of authors, etc.). 
The paramere is composed of two segments in lower insects and in many 
groups of lower Diptera, the basimere (gonostipes, basistyli, etc.) and 
the distimere (dististyle, etc.); but in the higher developed Diptera it 
consists of a single segment referred to as distimere (or dististyle) 

There remains an urgent need for further morphological work in the 
majority of the families, extending uniformly the use of the proposed 
terminology of the essential parts of the male postabdomen. Without a 
uniform terminology it is nearly impossible to compare the basic struc- 
tural characters of the male postabdomen of one group with those of 


other groups which would have the greatest importance in obtaining a 
clear view of the evolution and natural relations of Diptera. 


PFHE FOLDING OF THE MALE POSTABDOMEN OF DIPTERA 
AND ITS IMPORTANCI 
One of the consequences of the recent chaoti ituation 1 clearl 


shown by the fact that morphologists working in this order have not 
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yet the value of a simple morphological character which has 
much more importance than the absence or presence of an inversion, 
circumversion or torsion in the male postabdomen. This character is 
the folding in higher Diptera of the andrium or the whole postabdomen 
against the ventral side of the preabdomen which causes a depression i1 
the latter, the so called genital pouch (Metcalf). 

The male postabdomen of lower Diptera whether inverted or not, 


is never folded; it remains always as a continuation of the preabdomen, 
a 


both parts of the abdomen having the same axis. All two-winged flies 
which have this character belong to the suborder Nemocera and to the 
Orthopyga, new division of Brachycera. 

The andrium or the whole male postabdomen of higher Diptera 
is folded and the axis makes with that of the preabdomen an angle of 
from 90° to almost 180°. All two-winged Brachycera flies with male 
pos tabdomen folded beneath the last preabdominal tergite belong to the 
Campylopyga, new division of Brachycera 

The dividing line between the divisions Orthopyga and Cam- 
pylopyga is found between the families Empididae and Dolichopodidae 
of the ‘“‘superfamily Empidiformia’’ of Hennig (1948, p. 37, 54-55). 
The family Dolichopodidae must therefore be included in the series 
Aschiza of the ‘“‘Brachycera cy« lorhapha. “ 

All families of the division Campylopyga, and only these in Diptera, 
have the andrium or genital segment circumverted, its torsion being 
360° or very nearly so except Nothyboidea, a superfamily of Schizophora 

The folding of the male postabdomen without doubt represents one 
of the most significative progressive character that has originated during 
the course of evolution. Nor is it a meaningless coincidence that all 
higher forms of Diptera, without exception, possess a folded and at the 
same time circumverted male postabdomen. The coexistence of both 
these outstanding characters must have a deeply rooted origin and have 
made possible the formation of a depression or cavity (genital pouch) 
between the postabdomen and the last segment of the preabdomen, in 
which the inner genital organs found a better protection and more space 
than between the epandrium and hypandrium in Orthopyga, thus 
facilitating specialization in these organs. After the formation of the 
genital pouch which had opened up a way for new lines of evolution, 
the reduction of the hypandrium and its processes the parameres (styli) 
started. The one segmented parameres nearly or entirely disappeared 
in the great bulk of Schizophora, and the reduced hypandrium became 
transformed into the “Tragplatte’’ of Acalyptratae (Hennig 1936, 367) 
whose two “‘Chitinstabe’’ are very probably homologous with the 
remains of the parameres (styli). This ‘ Tragplatte’’ together with 
the ‘‘Gabelplatten”’ (=the reduced 7th+8th sternites) plays an impor- 
tant part in protruding the aedeagus during the mating process. 

The writer has found that the hypandrium and its parameres in 
Aschiza are still large and well developed in the family Clythiidae 
(Platypezidae) but are more reduced in Dorilaidae (Pipunculidae) 

In the majority of the families of Nemocera and in all Orthopyga, 
the male postabdomen (which here frequently consists only of the 
andrium with the proctiger), remains in the original position. It is 
usually protruding in Nemocera and in many Orthopyga (e.g., Asilidae 
and Empididae) or brought into a safer position between the tergite and 
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sternite f the last preabdominal segment (e.g Bombyliudae) ; 11 
be temporarily inverted during the mating process in other familt 
Orthopyga (e.g. in certain Asilidae, Cyrtidae, Bombylidae, 
Empididae 

The male postabdomen is constantly inverted in relatively few 
Nemocera, e.g. 1n Culicidae and in certain species or small groups of 
Tipulidae, Tendipedidae (Chironomidae), Phlebotominae, and Fungi 
vorida (M ycetophilidae) and in these forms the two segmi nted para 
meres tend to become larger, which phenomenon surely has its proper 
basis in a functional necessity caused by the inverted situation. In 
some groups of the family Empididae which have the male postabdomet 
in the original situation, a slight tenden towards an incomplete 
upwards folding of the male postabdomen may be noted. Thes 
arrangements appear to represent lateral lines of evolution in Nemocera 
and Orthopyga, if not just blind alleys. 

The division based upon the absence or presence of a folded mal 


postabglomen is as essential and natural as the subordinal divisions of 


Latreille-Macquart based upon the reduction of the segment ol 
maxillary palpi in higher Diptera, and both are overlapping. In regard 
to the character of the folded postabdornen, all Nemocera together with 
the primitive Brachycera belong to Orthopyga, and all Campylopyga 
and the higher Orthopyga belong to Brachycera. 

Despite this fact the writer ac epts the old categories as valid sub 
orders, considering his Orthopyga and Campylopyga only as division 
of Brachycera in order to avoid confusion or sterile discussions. Thu 
the well established old names Nemocera and Brachycera remain 
unchanged, even strengthened in their subordinal rank, the names 
Othorhapha and Cyclorhapha of abortive categories become definitel 
suppressed, and the names Orthopyga and Campylopyga of morpho 
logically sharply delimited new natural categories are introduced. A 
further result is that the family Dolichopodidae is now plcaed in it 
proper place among the families of Aschiza. 


PTHE PROPOSED NEW DIVISIONS ORTHOPYGA AND CAMPYLOPYGA 
The writer is convinced that the introduction of these new division 
of Brachycera and the definite supression of the Brauer’s groups will 
enable us to obtain a clearer view on the natural groups of Diptera 
By this concise proposition the inner taxonomical division of Diptera 
will take the following form. 


1. Suborder Nemocera Latreille 1817 


Maxillary palpi four- to five-segmented, mostly pendulous and 
filiform. Without cerebral plate in the postcranium. Antenna 
inserted above the suture between prefrons and postfrons and consisting 
of many and usually homologous segments. Male postabdomen remain 
ing always as a continuation of the preabdomen (orthopyg) and in the 
original situation, or inverted, but never folded. 

All families placed formerly in this suborder. The division of the 
suborder in natural groups is a task for the specialists in Nemocera 

'The grammat incorrect name Nemocera of Lat 
to Nematocera Iti ill prol lem to be ylved whicl 

] 


1. 
generally 
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Suborder Brachycera Macquart 1834 
Maxillary palpi only one- or two-segmented, porrect. Superior 
larger cer ] 
region of the postcranium with a smaller or larger cerebral plate. 
Segments of the antennae, with rare exceptions, not homologous. 


1. Division Orthopyga nova 
Postabdomen of male never folded beneath the last preabdominal 
tergite, nor permanently inverted but remaining always as a direct 
continuation of the preabdomen. Antennae inserted in or just above, 
the prefrontal suture, never below. 
1. Series HOMOEODACTYLA Brauer 1880 
2. Series HETERODACTYLA Brauer 1880 


2. Division Campylopyga nova 

Male postabdomen without exception folded beneath last tergite 
of the preabdomen and circumverted. Antennae inserted below the 
prefrontal suture and consisting of three segments, scape, pedicel and 
postpedicel only. 

1. Series AscuizA Becker 1882 

With the familes Dolichopodidae to Syrphidae. 
2. Series SCHIZOPHORA Becker 1882 
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THE MILLIPEDS COLLECTED IN THE PACIFIC 
NORTHWEST BY DR. M. H. HATCH 


NELL B. CAUSE’ 
Fayette. ille, Arkar 


Through the kindness of Dr. M. H. Hatch, I have been able to study 
a collection of millipeds made by him incidental to his collection of 
Coleoptera and terresterial Isopoda. Only new records have been 


included in this paper. 
Type specimens of the species described here will be deposited in 
the American Museum of Natural History 


Order Nematophora 
Suborder Chordeumoidea 
Family Urochordeumidae 


Urochordeuma sp. 
One female; April 9, 1936; Seattle, Wash. The length, 19 mm., 
corresponds with that of U. bumpusi Silv. 1913, which was described 
from Mount Rainier, Tacoma, Wash., and is still known only from 


male specimens 


Family Caseyidae 
Opiona hatchi, n. sp. 
Fig. 1-3 

Closely resembling O. columbiana Chamberlin 1951 in the shape 
of the main piece of the anterior gonopods and the modification of the 
pregenital legs, but easily distinguished from that species by the lateral 
pectinate branches of the anterior gonopods the less simple coxites of 
the posterior gonopods, and the fingerlike processes on the tenth coxae 
Male holotype In preservative evenly bleached to a cream color 
except for the dark brown occular areas. Ocelli in rows of 6, 4, 2; 
occular area an elongated triangle Elevation of head and proportion 


of antennae as in columbiana. No keels. Tergal setae short, arranged 
in a straight line near the caudal margins of the segment: Terga 
striated. 

First and second legs as in columbiana. Coxae of third legs elongated 
and inflated, the distal region slightly fuller and the third segment 
less inflated than in columbiana. Legs 4 through 7 unmodified. Coxac 
of tenth legs inflated (fig. 1), with a large mucous plug protruding 
from the cephalic surface and a slender, finger-like process from the 
medial surface 

Anterior gonopods (fig. 2) almost vertical in silu 
tiguous at the base, then turning slightly laterad, with the apice: 
directed caudad. Each one consists of four longitudinal pieces. The 
main, or medial piece, is hatchet shaped with the distal re gion finely 
striated and the apex minutely beaded Laterad to the main piece 


the mate con 


81 
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appressed to it, is the narrow, pectinate piece; this piece 


nt in columbiana. A short, lateral piece has a tuft of setae 


The short, mesial piece is without setae 
Posterior gonope are as shown in figure 3. The apex the 
longest coxite 1 irected caudad 
Length about 14 mm., width 1.3 mm 
Type locality.—Male holoty Carkeek Park, Seattle, Wash 
May 12, 1945. Al mi Iniversity of Washington campus, 
May 21, 1945 


Order Proterospermophora 
Family Strongylosomidae 
Orthomorpha gracilis (C. L. Koch 1847) 
Several collections of this cosmopolitan species were made 11 
greenhouses in Seattle, Wash 
Family Leptodesmidae 
Harpaphe haydeniana (Wood 1864) 


Several specimens, May 5, 1932, Snoqualmie Falls, 
April 18, 1938, under damp stone, Clallam Co., Wash 


Montapha elrodi (Chamberlin 1913 
‘al specimens, Aug. 27, 1932, Evans, Stevens Co., Wash 


Family Polydesmidae 
Scytonotus pallidus Attems 1931 
Several specimens, April 9, 1936, Seattle, Was} 


Scytonotus sp. 

Mature females or immature specimens which could not be assigned 
to speci with absolute certainty were collected in the following 
localities: Aug. 27, 1932, Evans, Stevens Co.; July 6, 1935, Sunnyside, 
Island Co.; July 27, 1935, Doubleneck, San Juan Is. Co.; July 7, 1945, 
Elwha, Clallam Co.; April 4, 1936, Edmonds, Snohomish Co., Wash 


Polydesmus (Hormobrachium) racovitzai Brol. 1910 
Several specimens, campus of University of Washington, Seattle, 
May 21, 1945. This is the first North American record of this species, 
which was first described in Spain 


Family Nearctodesmus 


Nearctodesmus cochlearius, n. sp. 
Fig 4-4 
Near N. amissus Ch. 1949, but distinguished by the shape of the 
tibial lobe of the gonopods, the base of which is broad in that species 
and constricted in cochlearius, giving it a spoon-like shape 
Male holotype.—Color in preservative reddish brown, the caudal 
angles of the keels and the legs yellow 
The spur ol the medial pretemoral branch of the gonopod is nearer 
the apex (hg 1) than in most related species The apex of the lateral 


] 
branch is distinctive in the serrated margin and the acute tooth (fig. 5); 
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Opiona hatchi, n. sp. Fic. 1. Three basal segments of tenth leg, caudal view 
Fic. 2. Left anterior gonopod, lateral view Fic. 3. Right posierior gonopod 
mediocaudal view 

Nearctodesmus cochlearius, n. sp. Fic. 4. Apex of medial prefemoral branch 
of gonopod Fic. 5. Apex of lateral prefemoral branch of gonopod Fic. 6. Left 
gonopod, ventral view. RA, canal piece; TI, tibial lobe; MB, medial branch; 
LB, !ateral branch 

Nearctodesmus olympus, n. sp. Fic. 7. Apex of latera 
gonopod. Fic. 8. Right gonopod, ventral view. TA, tibial lobe 

Cambala washingtonensis, n. sp. Fic. 9. Ocelli and first four segments, right 
lateral view 

Ischnocybe plicata C. & L. Fie. 10. Head and first four se 1e? 
omitted), dorsal view Fic. 11. Middle body segment Fic. 12. Left gonapod 
ventral view 


| prefemoral branch of 


gment antennae 


é 
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h is of almost uniform 


in related species the tooth is subapical; this bran 
width throughout its length, in contrast to amissus, in which the middle 
region is wider. The apex of the tibial lobe is rounded and the base 
is constricted (fig. 6, T1); there is no tarsal lobe. The canal piece 
curves in an even half circle 

Width 2.6 mm 

Female paratype.—Color similar. Length 20 mm., width 2.4 mm 

Type locality.—Seattle, King Co., Wash., April 11, 1936; numerous 
pecimens 

Another collection was made April 26, 1933, at Green River Gorge, 


King Co., Wash 


Nearctodesmus olympus, n. sp. 
Figs. 7, 8 


Near N. earli Chamberlin 1951, but distinguished by the presence 
of four prongs instead of three on the apex of the lateral prefemoral 
branch of the gonopods and by the small tarsal lobe, which was not 
described in earli 

Male holotype.—Color in preservative reddish brown, the caudal 
angles of the keels and the legs yellow 

The apex of the medial perfemoral branch is as shown for earli 
The apex ol the lateral branch has four prongs (fig. 7); this branch is 
wider about the middle of its length and curved as shown in figure 8 
The apex of the tibial lobe is acute and directed mesiad; the small 
tarsal lobe is at the base of the canal piece (fig. 8, RA), which has a 
corkscrew twist. The oblique furrow across the ventral surface of the 
telopodite is deeper than in most species. 

Length about 28 mm., width 2.9 mm 

Female paratype.—Color similar. Width 3 mm 

Type locality.—Olympic Hot Springs, Clallam Co., Wash., June 11, 
1933, 6 males, 1 female 


Order Opisthospermophora 
Suborder Juloidea 


Family Blaniulidae 
Nopoiulus venustus (Meinhart 1868) 
Several collections of this introduced species were made on the 
campus of the University of Washington, Seattle 


Family Paraiulidae 
Taiulus tiganus (Chamberlin 1910) 
Several specimens of both sexes, Aug. 29, 1932, Lostine, Wallowa 
Co., Ore.; Aug. 31, 1933, Waha Lake, Nez Perce Co., Idaho 


Taiulus olympus Causey 1952 
Five specimens, including the male holotype, Aug. 2+, 1941, Olympic 
Hot Springs, Clallam Co., Wash. Several other collections of immature 
paraiulids that cannot be assigned with certainty to this species or 


even to this genus were made in western Washington 
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Teniulus setifer (Chamberlin 1940 
Several specimens ol both sexes, July 6, 1935, Widby Is., 
May 19, 1932, Snoqualmie Falls, King Co., Wash 


Teniulus sp 


Mature females or immature specimens which could not be assigned 
to species with absolute certainty were collected in the following 
localities: June 11, 1933, Olympic Hot Springs, Clallam Co.; Sept. 4 
1936, Edmonds, Snohomish Co.; Aug. 29, 1940, Kalalock, Jeffersor 
Co., Wash 

Family Julidae 
Cylindroiulus (Aneuloboilus) frisius (Verhoeff 1891) 

Numerous collections of this introduced European species wert 

made on the campus of the University of Washington or in garde 


ttle, Washington 


and greenhouses at Seat 


Cylindroiulus (Aneuloboiulus) truncorum (Silvestri 1896) 
This is another introduced European species represented by 
numerous collections on the campus of the University of Washingtor 
Seattle 


Suborder Cambaloidea 
Family Cambalidae 
Cambala washingtonensis, 1. sp. 
Fig. 9 

Resembles C. lexana Loomis 1938 in the number of noncrested 
‘gments, but distinguished from that species by its larger size, the 
several lateral striae on the collum, and the ocelli in two series 

Female holotype.—Ocelli in two series, 7, 1; well removed from 
the anterior margin of the collum. Dorsum minutely and sparsely 


granular, less conspicuously so than in fexana. First segment wider 
than head; segments 2 and 3 decreasing in width, with the third slightly 
narrower than the head. Lateral margins of collum (fig. 9) with three 


entire and two incomplete horizontal striae; caudal angle of collum 
not produced 

No keels, but the usual crests and striae are present. The dorsal 
crests begin on segment 4, where there are six, with the lateral two 
slightly more prominent than the others; on succeeding segments there 


are six crests, but they are never as large, relatively, as in fexana; the 


proiferous crests, as usual, are larger, smoothly subelliptical, and with a 
caudal ridg¢ Below the proiferous crests, there are 18 or 19 horizontal 
striae on each side No crests are on the last two segments: on the 
antepenult, crests are weakly indicated. Prozonites less depressed 
than in fexana, so the body 1s less moniliform than in that spect 

Length about 26 mm., width 1.4 mm., 56 segment 

Type locality.—Wilma, Garfield Co., Wash.; April 22, 1935; fernale 
holotype and two larvae 

This is the first Western species ‘nus, which is widely di 
tributed, but seldom abundant 1n the E: he Mississippi Valley, and 


the Texas Costal Plain 
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Order Colobognatha 
Family Andrognathidae 


Ischnocybe plicata Cook and Loomis 1928 
Figs. 10-12 

Numerous specimens were collected from a pile of scrap lumber 
at Orogrande Creek, Idaho Co., Idaho; Aug. 30, 1953. Details of 
the body and gonopods are shown in figures 10, 11, and 12. These 
specimens differ from the description given by Cook and Loomis 
only in the maximum number of body segments, which they found to 
be 55, and is 44 in this collection. Recently I have found a male 
from Plumas Co., Calif., with 57 body segments. Larvae of Stadium | 
have four pairs of legs and seven body segments. In Arkansas speci- 
mens of the closely related Brachycybe lecontii Wood 1864, the larvae 
of Stadium I have five pairs of legs and seven body segments, while 
sexually mature specimens have between 34 and 61 body segments 
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FRAGMENTA ENTOMOLOGIC, L’ Istituto Nazi 
Via Catone 34, Rome Italy 

The Istituto Nazionale di Entomologia was founded in 1940 but was unable 
initiate a publication at thi 1 because of the war lhe first issue of Fragmenta 
Entomologica, Vol. 1, fase. 1 dated 1951. with a stamped publication date of 
November 20, 1952. Its 159 page devoted entirely to one article, ‘‘Lepidoptera 
Sardinica b | Hartig and H x, An 1, and dedicated to the memory of the 
Italian lepidopterist ‘onte Emilio Turati. Rather surprisingly, the study of 
the Sardinian faun: il in the description of 42 species and 9 subspecific form 
new to science, a1 ; lit fauna 

No indication is g as to tl requency of appearance of the Fragmenta 


umed that it is to be an 1 gular publicatior M. T. J 





APHIDS FROM PLANT ROOTS' 


W. A. CONNELL 


Delaware Agricultural Experiment 


On several occasions Since 1946, report navy , received of 


injury by root aphids to commercial plantings tom and peppet 
in Delaware. Infested plants examined by the writer always appeared 


stunted (i.e., they did not resume normal growth following trans 
planting); and, as a rule, only relatively small areas of the fields wer 


affected. During 1950 and 1951, a survey was made to obtain informa 
tion on the importance of this problem and on the species of aphid 
involved. Various weed and crop plants suspected of harboring 
aphids on the roots were examined wherever encountered, although 
most of the collecting was done in and around gardens, or tomato 
and pepper fields. Plants were dug with a spade or trowel to expose 
the roots. Aphids and ants associated with them were preserved in 
vials of 70 percent alcohol In all, 108 collections were mad From 
this material, 15 species have been identified. In addition, there are 
certain forms which cannot be placed with certainty because of their 


immature condition, or the absence of alate: Notes taken during 
the survey have been summarized and are presented here with the 
species concerned. In presenting locality data, the towns are listed 


from north to south through the State. Collections at each point 
are arranged chronologically, and all of them are from underground 


parts of plants unless otherwise stated 


Anoecia setariae Gillette and Palmer 

Anoecia setariae Gillette and Palmer, 1924, Ann. Ent 
This subterranean aphid was taken at five localities on Arrhen 
atherum elatius (L.) M. & K., a troublesome weed, known locally a 
‘nut grass.’’ It was also found in small numbers on Lycopersicon 
esculentum Mill. (tomato) at Cheswold, in a field where ‘‘nut grass” 
was abundant n this instance, it was associated with an unidentified 
{nuraphis. In % ases, 1 attended by Lasius niger neoniger 


Emery All specimens were nj or apterous lemalk 
Localities: Cheswold, 6 on June 2: ‘anterbury 

Magnolia, 25 on June 22; ly 

10 on June 22 


Pul li 
ubl 
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Anoecia oenotherae Wilson 


Anoecia 0¢ nothgrae Wilson, 1911, Can. Ent. 43: 63. 


"his species was encountered only in the sandy soil of southeastern 


County wo collections were from Digitaria sanguinalis (L.) 
Scop. (crabgra In one of these, it was associated with Trifidaphis 


phaseoli. <A third collection was from Eleusine indica (L.) Gaertn. It 


each instan t was attended by Lasius niger neoniger. With the 
exception of an alate viviparous female found at Frankford on August 16, 
1] 


al pecimens were wing! 


Localities: Frankford 


19 and 3 on August 16; and Selby- 
m KE. indica), 18 on 


Anoecia corni (Fabricius) 


A phi cornt Fabriciu 1775 


Two alate viviparous femal] m corni were taken from Andropogon 
virginicus L. at Newark on November 13. Several 


o specimens ol 
Geoica ulricularia wer 


Anoecia sp. 


These were young nymphs which could not be furtl 


ier identified 
At Greenwood, they were 


found on an unidentified grass with several 
Geoica utricularia and attended by Lasius niger neoniger. At Newark 
the collections were from Digilaria sanguinalis In one 


1 


case, the ants 
with then 


1 were Lasius claviger (Rog and, in the other, both 
niger neoniger and Tetramorium caespilum (L 
ympl or apterou femal 


Localities: Newark, 13 0n July 5 and 14 on July 16; and Greenwood, 
May 25 


Lasius 
All specimens wer 


Aphis rumicis Linnaeus 


1 phi rumici Annaeu 1758, § tema irae, p 451 


Five alate viviparous female: 


and 67 apterous specimens of rumicis 
] 


ns of Rumex crispus L. (yellow dock) at 
Bridgeville on June 12. They 


i 


(pay See Horsfall (1925 


were found on roots and sten 


were attended by Prenolepis imparis 


for an account of the biology ol this speci S 


Aphis medicaginsis Koch 
1 phis medicaginsis Koch, 1854, Die Pflanzenlause, Aphiden, p. 94 


Seventeen apterous specimens of this species were taken together 
with a few Rhopalosiphum maidis on Phaseolus 


ulgaris L. (string 
bean at Newark on October 10 


Anuraphis maidi-radicis (Forbes 
Aphis matidi-radicts Forbe IS91, Sevent 


eenth Report of the Entomologi t of tl 
tats ot Ii} 64 


The corn root aphid is widely distributed on manv hosts A detailed 
account of its habits 1s given by Davis (1917 In Delaware, it was 
taken from roots of Rumex crispus L., Chenopodium album L. (lamb's 
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quarter), Ambrosia artemistifolia L. (ragweed), Polygonum lapathifolium 
L., Plantago rugelii Dene., Erigeron canadensis L. and Eleusine indica, as 
well as from Capsicum annuum L. (pepper), Solanum tuberosum L 
(potato), tomato and string bean 

At Newark on September 21, Pheidole vinelandica Forel was associ 
ated with it and, at Dover on June 19, it was found with Solenopsis 
molesta (Say) and Tetramorium caespitum. In all other cases, the 
attending ant was Lasius niger neoniger. The specimens were apterous 
females or nymphs, except as otherwise noted 

Localities: Newark, 14 on September 21, and 2 oviparous female 
on November 13; Middletown, | viviparous female on June 5; Smyrna 
2 viviparous females on July 16; Dover, 14 on June 19, and 12 on 
July 16: Felton, SY on August 6: ( reorgetown, 6 alate viv Iparous females 
and 31 apterous forms on July 5, and 2 alate viviparous females or 
July 19; Millsboro, 14 on July 19; and Frankford, 60 on July 19 


Anuraphis menthae-radicis (Cowen 


A phis menthae-radicis Cowen, 1895, Colorado Agri. Exp. Sta. Bul 


An alate viviparous female and 12 apterous specimen 
species were found on pepper at Bridgeville on July 8, in association 


with Rhopalosiphum subterraneum. The attending ant was Lasius 
niger neoniger. At Newark on July 23, another winged female and 


Sl apterous forms were taken from an unidentified composite, whert 
they were attended by Solenopsis molesta 


Anuraphis tulipae (Fonscolomb 
A phis tulipae Fonscolombe, 1841, Ann. Soc. Ent. France, 10: 167 
The tulip bulb aphid is a cosmopolitan form. <A little information 
concerning its habits is given by Theobald (1927 Fifty-three alate 


viviparous and 147 apterous females and nymphs were found on 


Gladiolus corms at Newark on April 4 


Anuraphis sp. 

This aphid was taken throughout the State on Rumex, but all of 
the material collected was wingless and Miss Russell indicated that it 
was necessary to have winged adults in order to place 1t 

At Newark, it was attended by Tetramorium caespitum but, at the 
other localities, it was found with Lasius claviger 

Localities: Newark, 3 on June 30; Dover, 4 on June 27; Greenwooc 
85 on April 5; and Bridgeville, 74 on June 12 


Rhopalosiphum subterraneum Mason 
Rhopalosiphum subterraneum Mason, 1937, Proc. Ent. Soc. Washington, 39: 166 
The biology of this species is discussed by Rainwater (1935, 1941 
It was found on pepper in Sussex County on four occasions, 1n associa 
tion with either Trifidaphis phaseoli or Anuraphis menthae-radicis 
In all cases, the attending ant was Lasius niger neoniger. With th 


exception of an alate viviparous female from Bridgeville, all 
were apterous females or nymph 

Localities: Bridgeville, 150 on July 8; Laurel, : n July 14.and 9 
on July 15; and Frankford, 3 on July 19 
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Rhopalosiphum maidis (Fitch) 
Aphis maidis Fitch, 1856, Trans. N. Y. State Agri. Soc., 15: 550. 


An account of this species is given by Davis (1908). Three aptera 


were taken on October 10 at Newark from string beans, where they 
were associated with A phis medicaginsis 


Geoica utricularia (Passerini) 

Pemphigus utricularius Passerini, 1863, Arch. di Zool., 2: 72 
Geoica squamosa Hart, 1894, Eighteenth Report of the Entomologist of the State 

of Illinois, p. 102 

This species 1S widely distributed on the roots of grasses and other 
plants. Its habits are discussed by Hart (1894). It was taken in 
Delaware in association with Prociphilus erigeronensis, Trifidaphis 
phaseoli, Anoecia corni, Anoecia sp., Forda olivacea and Anuraphis sp 
The host plants recorded were Trifolium repens L. (white clover), 
Cynodon dactylon (L.) Pers. (Bermuda grass), Rumex crispus and 
Andropogon virginicus, as well as unidentified grasses. Ants found 
with utricularia were Lasius interjectus Mayr, Lasius niger neoniger, 
Lasius claviger, Pheidole vinelandica and Tetramorium caespitum. A\ll 
specimens were apterous females or nymphs. 

Localities: Newark, 23 on May 6 and 33 on November 13; Green- 
wood, 2 on April 5 and 6 on May 25; and Bridgeville, 13 on May 14 


Eriosoma lanigerum (Hausmann) 
A phis lanigera Hausmann, 1802, Illiger’s ‘‘Magazin fur Insectenkunde,”’ 1: 440 
The woolly apple aphid was observed to be widely distributed in 
the State, although only one collection was made. This was from 
apple at Bridgeville on June 12. A detailed account of the species is 
given by Baker (1915) 


Forda olivacea Rohwer 

Forda olivacea Rohwer, 1908, Psyche, 15: 68 

This species was found on grasses at three localities in central 
Delaware. It was taken on Arrhenatherum elatius, in association with 
{noecia setaria, at Canterbury. At the other two places, the host 
plants were unspecified Gramineae Attending ants were Lasius niger 
neoniger, Lasius alienus americanus Emery, Lasius interjectus and 
Pheidole vinelandica. Excepting an alate viviparous female taken at 
Milton, all of the specimens were apterous females or nymphs 

Localities: Canterbury, 2 on July 12; Milton, 11 on June 8; and 


Greenwood, 17 On ivlay 25 


Pemphigus sp 

The specific identification of this Pemphigus material was impos- 
sible, because only apterous females and nymphs were found. It was 
taken at Newark on Lactuca sativa L. (garden lettuce) and an 
unidentified grass; at Dover, on Polygonum lapathifolium: at Smyrna, 
on Eleusine indica; and, at Greenwood, on Solidago sp. Three of the 
eight collections were trom lettuce Ants were taken with only four 
collections, a different species with each. These were Lasius claviger, 


Lasius niger neoniger, Solenopsis molesta and Tetramorium caespitum 


] 
| 
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Localities: Newark, 2 on May 1, 138 on July 4 and 20 on July 
Smyrna, 3 on July 18; Dover, 44 on July 18; and Greenwood, 1: 
April 25 


Prociphilus erigeronensis (Thomas) 
Tychea erigeronensis Thomas, 1879, Eighth Report of the Entomologist 

State of Illinois, p. 168 

The white aster root aphid occurs on various Compositae. It i 
common on the roots of asters, and marigold is almost invariably 
infested. It secretes considerable amounts of thread-like white wax 
from two rows of lateral and four rows of dorsal glands. Its habits 
are discussed by Cutright (1925) 

In one locality, Newark, it was found in 
utricularia and Anuraphis sp. It was collected from Callistephus 
chinensis Cass. (China aster), Tagetes patula L. (French marigoid), 
Tagetes erecta L. (African marigold), Taraxacum officinale Weber 
(dandelion), Trifolium repens, Andropogon virginicus, Cynodon dactylon 
and Ambrosia artemistifolia. One collection was from the roots of a 
two-year-old Juniperus virginianus L. seedling growing in a garden 
near some marigolds. Another was from an l/mus americana L 
seedling growing on a roadbank. The material taken at Newark on 
April 20 included two alate viviparous females. All other specimens 
were apterous females or nymphs. All were attended by Lasius 


association with Geotca 


claviger 

Localities: Newark, 48 on April 20, 27 on May 6, 85 on July 16, 
10 on August 1, 3 on August 9 and 73 on October 22; Wilmington, 
11 on July 5; Dover, 43 on March 27, 25 on April 12, 7 on April 19 
and 103 on July 16; Camden, 15 on May 10; and Greenwood, 3 on 
April 5 


Trifidaphis phaseoli (Passerini) 
Tychea phaseoli Passerini, 1860, Gli Afidi, p. 39. 


This was the most important of the aphids encountered on the root: 
of tomato and pepper. These crops are grown from seedlings that ar 
transplanted into the fields during May. They normally become 
established in about two weeks and, following this, grow rather rapidly 
The infested plants, however, failed to grow appreciably until late 
June or early July, when the aphids had disappeared from the root 
This stunting was the only noticeable symptom of infestation. The 
injury was most severe in 1949, but stunting was apparent only in smal 
areas of the fields where it was observed. Fewer fields were found 
infested in 1950; and, in 1951, phaseoli was found in only one con 


mercial planting. Rainwater (1935, 1941) in sing habit 
of this species in North America, indicates that it attack n i 


many places in the eastern portions of Virginia, North Carolina and 


1 
] 


South Carolina, and that infested plants nearly always di 


An account of the life history of phaseoli is given by Mordvilko 


(1929 This paper has not been seen but, according to the abstract 


Pistacia mutica is the primary host and galls are produced on the 
edges of its leaves. Migration to roots of secondary hosts, variou 
herbaceous plants, by alate from. th galls occur 
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Here, they foster a series of parthenogenetic generations which can 
continue indefinitely on secondary food plants. In late spring, some 


nymphs are produced on the secondary hosts, which develop into 
exuparae, winged individuals, which fly to the trunks of P. mutica 
| offspring are borne. The latter, upon reaching 


where their sexua 
the adult sta I 
bark. The following spring, the nymphs hatching from thes« 


1 
nate and each female depr SITS a single egg in a crevice 


ot ti 


+ 


i¢ i 
k the opening buds and young leaves. Galls form as a result of 


17 


‘ ? 
aculvl 


+ 


addition, there are also produced, from time to time, on the 
secondary food piants, virginiparae, winged forms which can infest 
econdary hosts and whose immediate progeny are apterou 
that reproduce by parthenogenesis. Through such partheno 
renetic reproduction, phaseoli can maintain itself entirely on secondary 
and it dos in regions where the primary host does not occur 
vilko expanded on these observations in other papers. For a 
writings, see Borodin (1940 He postulated that the present 
‘ange of phaseoii represents the one-time range of this species of 
pistac hio and that ince the di appearance ol the tree in North America 
Greenland, Western Europe and Egypt, the aphid has survived a 
anholocyclic forms on the secondary hosts 
T. phaseoli was found throughout Delaware Collections wer 
from pepper, tomato, string an, Digitaria sanguinalis and Rumex 
crispus. On five occasions, it was found associated with other aphid 
twice with Rhopalosiphum subterraneum, and once with each of 
following {nuraphis maidi-radicis, Anoecia oenotherae and Geoica 
ulricularia. The attending ant was Lasius niger neoniger in all instance: 


{ 


except one; in this case, 1t was Lasius claviger. All specimens collected 


1 
the 


1 


were apterous females or nymph 
Localities: Newark, 16 on May 6, 16 on October 22, 9 on 


5 and 2 on November 13; Dover, several on July 11; Felton, several 


on July 11; Greenwood, 31 on June 25, 27 on July 6 and 1 on July 12 


Laurel, 12 on July 6 and 10 0n July 14; and Frankford, 6 on July 19 
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MALE GENITALIA OF LEPIDOPTERA: MORPHOLOGY 
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I. DIVISIONS OF THE VALVAE IN RHOPALOCERA, 
PHALAENIDAE (=NOCTUIDAE) AND 
GEOMETRIDAE 
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Medical S¢ hool, Kyoto, Japan 


INTRODUCTION 

In a number of specialized groups of Lepidoptera the paired clasping 
organs, the valvae, of the male genital armature frequently show such 
complexity of structure that an appropriate subdivision of these organs 
is profitable for descriptive purposes. Attempts to divide the valvae 
into several parts have hitherto been made repeatedly, especially in the 
Rhopalocera®, Phalaenidae ( Noctuidae) and Geometridae. Pierce’ 
system (1909, 1914) devised originally for description of the male geni- 
talia of the latter two familes, has since been accepted, at least in part, 
by some of the most prominent workers (Busck and Heinrich, 1921; 
Ever, 1924: Mehta, 1933: Viette, 1948). For other families, especially 
those belonging to the Rhopaloce ra, other systems of terminology and of 
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*Concerning the morphology of male genité 
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subdivision have been presented (Petersen, 1904; Warren, 1926). How- 
ever, the morpological basis of the proposed systems 1s largely obscure, 
o that there might be a serious question whether it is possible to estab- 
lish a generalized principle, useful in dividing the valvae of differently 
modified types into several regions, which above all must readily be 
applicable with reasonable homologies throughout the mori specialized 
groups of Lepidoptera 

A detailed comparison of the valvae of the groups in question has 
now revealed that such a generalized pring iple for the subdivision of 
the valvae can actually be worked out 1f the morphological significance 
of the various parts of the valvae is correctly taken. A newly devised 

stem which can be applied easily to these families will be presented 


below’ 


BASIC PLAN OF THE VALVA 


In the systems hitherto proposed for subdividing the valva, authors 
have devoted their attention especially to the processes developed 
either on the inner (mesal) surface or from the outer margin of the flat- 
tened valva; but such efforts appear to have been highly misleading. 
Every part of the valva may develop, quite irregularly, one or more 
processes of various shapes and extending in various directions; so that 
a correct subdivision of the valva would have to be made without attrib- 
uting excess weight to such processes of minor importance. 

Figure 1 is a schematic diagram of a new system proposed in this 
paper to subdivide the valva of the Rhopalocera, Phalaenidae and 
Geometridae. At first sight, it may give the impression that the new 
system is merely a combination of the Pierce systems devised for the 
Phalaenidae and Geometridae (Pierce, 1909, 1914) with a few modi- 
fications and additional names. However, the ampulla and harpe are 
not considered here as processes attached to the inner (mesal) surface of 
the valva, but as distinct regions occupying its central part. A new 
name ‘‘anellifer’’ is proposed to designate the membranous region 
situated at the centroproximal part of the mesal surface of the valva. 
This is a lateral extension of the membrane forming the anellus of Pierce 
(1914), or the theca of Snodgrass (1935). Strictly speaking, the anel- 
lifer may be no more than an artifact produced by flattening the paired 
valvae, which otherwise lie facing each other, under the cover-slip. 
However, the observation of the valvae being usually made under such 
conditions, recognition of this membranous part situated at the center 
of the basal region of the valva will be profitable in taxonomic studies. 

The sacculus is the ventroproximal region of the valva; it 1s usually 
sclerotized heavily. Its sclerite is directly continued from the basal 
part ol the outer surface of the valva The dorsal edge of the sacculus 
is attached to the membranous anellifer, which is often folded like a 
grave under the sclerite of the sacculus. 

A sclerite occupying the dorsoproximal region of the valva is the 
costa; this is continued from the inner (mesal) to the outer wall of the 
sack-shaped valva. Thus, sacculus and costa are structures occupying 


morphological aspects of our study will be discussed fully in a later 
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the basal parts of the ventral and dorsal regions of the valva respectively 

and are sclerotized on both surfaces lying on the outer and inner wall of 
the valva. They may develop apically a projection, or be modified to 
form a free arm (figs. 12, 13, 15, 16 and 17). Aside from the sacculus 
and the costa, there are usually no distinct regions distinguishable on 
the outer wall of the flattened valva, and the designations enumerated 
below are all concerning the mesal side of the valva. 

The dorsoapical region of the valva, designated the cucullus, often 
projects as a free arm. It is usually moderately sclerotized and beat 
along its apical and/or ventral margin a cluster or a row (or rows) of 
heavy spines which can, however, be replaced by weaker ones or even 
by a brush of long, soft hairs. Ventrad of the cucullus, and situated at 
the ventroapical region of the valva, there is often a semimembranous 
valvula which can project freely or be attached directly to the outer 
margin of the cucullus. Both cucullus and valvula are generally well 
developed in the Phalaenidae and Geometridae, but in the Rhopalocera 
they are entirely lacking. 

Between the proximal costa-anellifer-sacculus and the apical cucul 
lus-valvula, there are two regions on the mesal side of the valva, the 
dorsal ampulla and the ventral harpe. However, in Rhopalocera, wher¢ 
the cucullus and valvula are absent, these two parts form the terminal 
structures of the valva. The harpe is usually connected to the sacculu 
by a sclerotized bridge situated at the ventral margin of the valva, which 
may be broad or may be so reduced that the harpe and sacculus ar 
completely separated by a membrane, an extension of the anellifer 
One can locate, articulated with the harpe, and dorsad of it, another 
sclerotized region, the ampulla. Since this is directly continuous with 
the costa and cucullus, its limiting margin is usually ambiguous. Thi 
ampulia is attached proximally to the anellifer. 

The mesad elongations of the costae which are sometimes connected 
with each other are called the /ranstillae. 

All of these sclerotized parts, and sometimes even the anellifer, can 
develop various processes and folds which are occasionally modified into 
the most bizarre appearance; and it is to these structures that most 
investigators of the male genitalia have paid particular attention. The 
tendency to develop such perplexing secondary modifications is esp 
cially prominent in the harpe and the ampulla, and a number of speci: 
terms have been proposed for these secondary structures. 

The intrinsic muscle of the valva in the groups considered in thi 
paper arises from the base of the outer wall of the valva, in most case 
covered by the sclerite of the sacculus, and inserts usually on the proxi 
mal margin of the harpe, or directly in its sclerite (figs. 4-8, 11 and 15) 
The sacculus and costa (especially its apodeme, the transtilla) serve a 
insertion points of the extrinsic muscles of the valva, which may aris« 
from the tegumen, vinculum or juxta (Forbes, 1939). 


] 
i 


MODIFICATION OF THE BASIC PLAN OF THI 
VALVA IN VARIOUS GROUPS 
The basic plan described above of the valvae in the more specialized 
forms of Lepidoptera has become so strongly modified from group to 
group, that a superficial observation would fail to determine the real 
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homologies of some of the various modified types of the valva 
ig them 

For example, the entire absence of the cucullus and valvula in the 
Rhopalocera has hitherto never been emphasized, and the variously 
modified distal halves of valvae found in this group have been compared, 
if ever, with those in the Geometridae and Phalaenidae only with great 
difficulty (Mehta, 1933; Viette, 1948). 

Firstly, a type of the valva frequently encountered in the Hes- 
periidae may be mentioned, because this seems to serve as a basic plan 
of the valva in Rhopalocera. As shown in the diagram of figure 2A, 
in this type the ampulla and the harpe form respectively dorsal and 
ventral terminal processes of the valva. The ampulla is directly 


encountered amor 


EXPLANATION OF PLATE I 


Fic. 1. Diagrarnmatic representation of the division of the valva. 
Af: anellifer; Am: ampulla, An: anellus, Co: costa, Cr: corona, Cu: cucullus, 
Hp: harpe, J: juxta, Le: lacinia costae, Sl: sacculus, Tr: transtilla, V1: valvula, 


) 
1 


osl: margin of a sclerite on the outer wall of the valva, directly continued from 
the mesal sclerite of the sacculu 
[he same abbreviations are followed throughout the other figure legends in 
paper 
Fic, 2. Diagrams of modifications in the structure of the valva as found 
n Rhopalocera, Phalaenidae and Geometridae In G, paired valvae are fused 
vith each other along the lateral margin of the sacculus, the latter being covered 
the anellifer; in H, the right half of the same structure is shown with the 
icculus bent upward and the anellifer folded 
Representative forrns: A. Hesperiidae (Pyrgus); B. Nymphalidae (Apa 
turinae); C. Satyridae; D. Nymphalidae (some forms of Argynninae); E. Papi 
lionidae (Parnassius nomion); F. Papilionidae (Papilio); G, H. Lycaenidae; 
I, | kK ome examples of Phalaenidae ind Geometridae 
Pic. 3. Pyrgus alveus Huebner (Hesperiidae), Right valva. Ampulla with 
nodified projections; the anellifer bears a sclerotized plate (saf); the sacculu 
nd the harpe are comple tely separated by the anellifer 
1G. 4. Glaucopsyche (Maculinea) arionides Staudinger (Lycaenidae). Valvae. 
‘he ampulla and harpe are fused; the dorsal process (dp) may be a part of the 
impulla. The sacculi of the two valvae are fused with each other. The intrinsic 
nuscle of the valva is exposed in the left valva 
Fic. 5. Argynnis paphia Linné (Nymphalidae). Right valva. Costa with 
entral spined projection; harpe with a dorsoproximal process On the outer 
ll of the valva there is a Y-shaped thickening of the sclerite. The muscle i 
erted in the base of the harpe 
Fic. 6. Parnassius nomion Fischer (Papilionidae). Right valva. The 
process-like harpe is situated on the flattened ampulla; the anellifer is folded 
just proximal to the base of the harpe. The left valva is removed and the basal 
half of the intrinsic muscle is exposed. The sacculus is separated from the base 
of the harpe 
Fic. 7. Papilio protenor Cramer (Papilionidae A. Right valva. The 
tremendously enlarged ampulla occupies the bulk of the valva; the central field 
of the ampulla is concave and fused with the harpe, along the ventral margin 
of which there is a prominent, comb-like process; the sclerite of the harpe is con 
tinued to the sacculus; the anellifer is reduced to the basal part of the valva; the 
costa is ribbon-like and separated from the ampulla. Parts of the tegumen, 
inculum and juxta are showt 
B. To show the relation of the harpe to the sacculus and to the intrinsi 
muscle, a view from outside of the left valva; the ampulla is removed; note the 
ack-like proces and flattened part of the harpe 
Fic. 8. Colias erate poliographus Motschulsky (Pieridae Right valva 
he costa is rudimentary; the harpe and sacculus are continuous; a part of the 
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regio! | mainder alone being developed t 

proce Such a fusion or one-sided reduction of t] 

is also encountered not infrequently among other families of Rhopalocera 
figs. 2B and C). Examples may be found in the Apaturinae (Nymph- 
and the Satyridé n extreme case is represented by som« 


lycaenid forms (fig harpe is enlarged and provided with a 


1 


econdary modification a proximal margin, as shown in fig. 2D, 
the bulk of the valva s ns to be composed of the costa, harpe and 
acculu and the process-like ampulla and proximal projection 


larpe appear now to be per uliar append- 
, 1 F + . 


developed eventually from 

grown on the mesal wall of the valy A valva of this type 1s 

in Argynnis (fig. 5) and allies (Nymphalida Just an opposite 
relation of the harpe to the ampulla may be observed in some 
other forms (fig. 2E An example of this type is Parnassius 
nomion (Papilionidae) (fig. 6 In this type, the main _ terminal 
body of the valva is formed by _ the ampulla A more advanced 
tage is impressively represented by Papilioninae (fig. 2F and 7). Here 
the harpe is by no means process-like, but plate-shaped, situated at the 
central field of the enormously enlarged and flattened ampulla, and fused 
with the latter. Moreover, in most spegies of this group, the harpe 1s 


furnished with one or more secondary foldings and projections, occurring 


aliva 


irregularly at various site © that these secondary modifications may 
eem to be independent appendages of the valva For example, In 
Papilio there is a comb-like process which is derived from a folding devel- 
oped along the ventral margin of the harpe; in Troides or Chilasa the 


] 


harpe is extended into a prominent terminal projection; and in 


Menelaides, I phiclides and Graphium the most bizarre formation of 
strong processes Can be observed, de veloped here and there almost all 
the surface of the harpe. Indeed, it is to these secondary structures 
dealing with the male genitalia of Papilionidae, Gosse (1882) gave 
name ‘‘harpe”’ in his original paper. Since Gosse, the harpe has been 
considered by ail the authors to be an appendage attached to the mesal 
urface of the valva, and never recognized as a specific region of the 
Furthermore, it might rather be a fortunate accident that in 
Phalaenidae some authors (for example, Forbes, 1939) applied the nam« 
‘harpe”’ to a process attached to the inner surface of the valva, becaust 
it is exactly homologous to the region bearing Gosse’s harpe of the 
papilionid valva. Although Gosse’s term harpe was originally used to 
indicate the complicated processes attached to the central area of the 
valva (a secondary modification of the harpe itself which in turn 1s a 
distinct primary region t] alva), here in the Phalaenidae the cor- 
responding region of the valvi represented frequently by a distinct 
process grown on tl | area the mesal surface of the valva 
(fig. 21), a situation emerging from the development in the phalaenid 


1 1 


valva of the cucull and valvula which are completely lacking in the 
Papilionidas In th li should be pointed out that in the Papi 


lhoninae the costa 1s inctly separated from the tre mendously devel- 


1 


oped ampulla, forming a sclerotized ribbon which connects the tegumen 
and ampulla; on it is inserted a muscle arising from the tegumen (figs. 2F 
and 7 


Lycaenidae acculi of tl alvae ; very frequently 
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united with each other, and become movable sclerites which Toxopeus 
| 


(1926) called “lobuli basales”’ (figs. 2G, H and 4 
In the Phalaenidae and Geometridae, the cucullus and valvula ar 
present in most of the species included (fig. 21, J and KK), and the ampulla 


and harpe may be reduced, in some cases into vestiges, or entirely lacking 
(fig. 17). The occurrence of the cucullus in geometrid valvae and of the 
| 


1¢ 


valvula in phalaenid valvae may perhaps be emphasized here for t 
first time. The sacculus can be extended to form a free projectiotr 
(figs. 21, 9, 13, 15 and 16), and in such forms the harpe is often rudi 
mentary. The elongation of the sacculus thus resembles the harpe of 
many butterflies, and was actually confused by Viette (1948) with th 
latter structure which he called cuiller, a synonym of harpe (see p. 103) 
The distinction between these two structures can be demonstrated with- 
out difficulty by examination of the intrinsic muscle which is always 
inserted in the harpe (fig. 15 The harpe and ampulla may seemingly 
be articulated (figs. 21 and 11), or fused (figs. 2J, 18 and In some 
forms the cucullus may be extended to form the larger part of the 
terminal portion of the valva; in such cases the valvula forms a narrow 
apical and ventral margin of the valva (figs 2K and 10 It is not 
excluded that in certain forms the valvula is variously sclerotized 
(figs. 12 and 13) 

The furca of Pierce (1914), a curious structure found in some Geo 
metrinae, 1s a modification of the sacculus. The discussion of this struc 
ture will form the subject of a separate paper which will be published in 
the near future 

Whether the above system ol subdivision of the valvae 1s appli abl 
to other specialized groups of the Lepidoptera, such as Sphingidae 
Notodontidae, Saturniidae, etc., will be a highly interesting problem 
Another important question 1S how thes sper ialized types ol the valva 
can be compared with, or derived from those of the more primitive form: 
of Macro- and Microlepidoptera, where the intrinsic musclature of the 
valva is distinctly different from that found in the more specialized 


families (Snodgrass, 1935) 


NOMENCLATURI 

In elaborating the present nomenclatural system of Lepidopterous 
male genitalia the policy was followed of avoiding a strict application of 
priority and adopting, instead, classic or semi-classi expressions 1n 
wide use, in naming individual term The latter.part of this policy 1 
only a natural consequence of an effort to establish an international 
system. As regards the former part, on the other hand, it would be 
necessary to comment in some detail. Adoption of a strict priority law 
for the denomination of morphological objective uch a the mal 
genitalia of insects would frequently cause a serious confusion in the 
terminological system. Authors in the older literature sometim« 
proposed terms on the basis of a very poor understanding of the mor 
phological significance of the respective structures, and failed to distin 
guish the morphological integrity of the structural parts to which they 
intended to give names. Moreover, in certain instances, it happened 


that, mainly through subsequent erroneous interpretation of observa 
tions made on different groups, the more recent usage of a term cor- 
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responded no longer to the original sense but has been extended to 


indicate a structure (or structures) morphologically distinct from that 
recognized by the denominator of the term. Accordingly, the principle of 
broad recent usage rather than that of priority may be advisable in 
elaborating the definition of a given name. In the present investigation, 
therefore, names for various parts of the male genitalia of Lepidoptera 
were selected from a vic wpoint that those most widely accepted at the 
present time should be preferred to the historical ones. This implies 


that some names are to be « mployed to designate er structures than 


those indicated by original denominator 


Valva—Valvae (Burmeister, 1832 
Harpago— Harpagines (White, 1876, and Snodgrass, 1935) 


For the chief, paired clasping organ of the male genitalia in 
Lepidoptera various names have hitherto been proposed, among which 
valva has found the widest application. Some American authors 
(Busck and Heinrich, 1921; Eyer, 1924) have used the term harpe (or 
harpé), a designation which dates back to Smith (1890) in Phalaenidae 
and was later applied extensively by Pierce (1909) in the same family. 
Unfortunately Smith’s system seems, however, to have been worked out 
by applying Gosse’s system erroneously. Thus, the clasping organ as a 
whole was called by Smith the “‘harpe”’ and the process developed on 
the mesal surface of the valva the ‘“‘clasper.”’ 

On the other hand, another system has arisen since the classical 
designation by White (1896) of the clasping organ as harpago.* More 
recently this designation has been revived in the masterly work of Snod- 
grass (1935), who has applied the term harpagines to the distal segments 
of Thysanuran gonopods, or styli, and has extended its application to 
the mort spe ialized insects on the basis of the probable homology of the 
Thysanuran styli to the terminal segments of the Mecopteran and 
Tricopteran two-segmented clasping organs and also to the Lepidopteran 
valvac Although the postulated homology was later questioned by 
Forbes (1939) and Snodgrass himself (1941), the present authors are 
rather of the opinion, as will be presented in later publication, that the 
entire valvae may be homologous to the distal segments of the clasping 
organs of Tricoptera, Mecoptera and possibly of Thysanura also. If 
this view be correct, the term “harpago” and, in its plural form, 
‘‘harpagines’”’ might be accepted to designate the valvae of Ley ido] tera, 
because Snodgrass’ terminological system has since found a_ wide 
acceptance among students of insect n orphology ; and all the mor 


1 


because the term harpago was originally applied to the Lepidopteran 
clasping organ by White (1876), whatever the homological relationship 
. . 


e latter may bb 

In another system, originated by Scudder and Burgess (1870) and 
later adopted by British authors such as Bethune-Baker (1914), Chap- 
man (1917) and Warren (1926, 1936), the use of the name ‘‘clasp”’ is 
found. But this term is certainly inappropriate for an international 


system of nomenclature. 


arpag * often mi 
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Sacculus (Pierce, 1909) 

As is mentioned above, the lobulus basalis of Toxopeus (1926) is the 
yeaenid homolog of the sacculus. Pierce’s clavus in the Phalaenidac 
is a modified part of the sacculus. A distal elongation of the sacculus, 
forming a free process, was identified by Viette (1948) erroneously with 
the cuiller which is a hesperiid homolog of the harpe. 


Harpe (Gosse, 1882) 
Cuiller (Reverdin, 1910 


As discussed above, the confusion in the nomenclature concerning th 
term ‘‘harpe’’ was caused by several unfortunate situations which may 
be enumerated as follows: 

1. Gosse’s original designation of the term “‘harpe’’ (1882) in the 
Papilionidae intended to indicate the processes or projections of 
secondary nature, which could usually be located in a distinct 
region of the valva, the recognition of the integrity and the 
homological relationships of this region being difficult by super 
ficial observations on limited materials. 

The nomenclature used by Smith (1890) and Pierce (1909) in 
the Phalaenidae included the terms “harp ” and ‘“‘cla per”’ 
which were applied in a reverse sense of the respective structures 
‘“Clasper’’ of Smith and Pierce indicated a process of the inner 
surface of the valva, especially that situated more ‘‘apically,”’ 
a process which is not homologous, in a strict sense, to the 
process-like modifications of the papilionid valva (Gosse’ 
original ‘‘harpe’’) but the region which bears Gosse’ 
‘‘*harpe a 

Pierce (1914) later replaced his ‘‘cli r’’ and ‘“harpe 
Phalaenidae with ‘‘harpe”’ and ‘‘valva”’ respectively 
Geometridae 

This confusion of terminology may be removed by fixing the name of 
the chief Lepidopteran clasping organ as valva (or harpago), as Pierce 
(1914) himself did later, and by establi hing the term “harp Y to 


indicate a distinct region of the papilionid valva, which bears Gosse’ 


harpe and which is homologous to the region (or process) that was ca 
‘“clasper”’ by Pierce (1909) in the Phalaenidac 

The homology of the region occupied by the ventroapical process of 
the valva of many butterflies to the papilionid or phalaenid harpe ha 
hitherto never been recognized, so that the various names that have been 
proposed for this structure are synonymized with harpe in this paper for 
the first time. Such names are: processus inferior (Peterson, 1904) in 
Argynnis etc.; clinopus (Fruhstorfer, 1908) in Argynnis; cuiller 
(Reverdin, 1910, and Warren, 1926) in the Hesperiidae. 

Fruhstorfer’s term clunicula (Fruhstorfer, 1908) in Ornithoplera 1 
nothing but Gosse’s harpe. 


Ampulla (Pierce, 1909 


The term ampulla was first used by Pierce to indicate a proce: 
situated dorsoproximally to the harpe in the Phalaenidae, but the pre- 
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sent investigation has shown that this structure in the Phalaenidae must 
represent a distinct region which is situated dorsally to the harpe and 
ventroproximally to the cucullus. However, in the Rhopalocera, where 
the cucullus is lacking, this region forms a terminal process of the valva, 
and sometimes even the bulk of the valva as in Papilioninae. (In 
Gosse’s paper, ampulla itself was called valva.) These findings imply 
the following enumeration of synonyms of ampulla: processus superior 
(Petersen, 1904) in Argynnis etc.; cercina (Fruhstorfer, 1908) in Argyn- 
nis; pseudostyle (Viette, 1948); style (Rambur, 1837) in the Hesperiidae; 
stylifer and antistyle (Chapman, 1919, and Warren, 1926) in the Hes- 
periidae, especially in Pyrgus. 

The latter three terms were proposed to describe the complicated 
secondary structures borne on the ampulla of some hesperiid forms 
(fig. 3). The utility of such names can certainly not be neglected in 
taxonomic studies; but a discussion as regards such terms used in very 
limited groups is beyond the scope of the present study’. Here, the 
only thing to be emphasized is that all of these structures belong to a 
distinct region of the valva, which may be called the ampulla, and could 
be compared with a certain structure found in the valva of other different 
groups on the basis of probable homological relationships. Viette 
(1948S) propo ed the name pseudostyle in plac e of st yle, since Rambur’s 
style 1 apparently not homologou ; to the Thysanuran stylus It seems, 
however, that Viette’s pseudostyle also included the cucullus of some 
forms 


Cucullus (Pierce, 1909) 

Originally named in the Phalaenidae, but a homologous region is 
found also in the Geometridae. Terminal spines of the cucullus may be 
called the corona, according to Pierce (1909) A part of Viette’s pseudo- 
style may be the cucullu 


Valvula (Pierce, 1914) 

Originally applied to the distal, less strongly sclerotized part of the 
geometrid valva (perhaps including the cucullus in some forms), but 
homologous structures are also found in other families of moths, espe- 
cially in the Phalaenidae 


Costa (Pierce, 1914) 

The costa is a sclerotized portion of the dorsoproximal margin of the 
valva. The ventral limitation of its sclerite lying on the outer wall of 
the valva is frequently margined by a somewhat strongly sclerotized 
thickening. This thickening is especially prominent in some Geometri- 
dae and may be called, when necessary, by a new term as lacinia costae 
(figs. 1, 15 and 16) The crista obliqua of Petersen (1904) is a process 
developed from the costa in Argynnts 


Anellifer 
A new term. This is actually a part of the anellus, which is a mem- 
branous folding around the aedoeagus. When the valvae occupy their 


‘Some of the terms presented by Pierce in describing phalaenid valvae are 
1 the present discussion for the same reason. 
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natural position, the anellifer is recognizable as the lateral region of the 
anellus. But when the two valvae are spread apart under the coverslip 
so as to show their inside structure, a common practice in taxonomic 
studies, the central region of the proximal half of the valva is now 
occupied by this lateral extension of the membranous anellus. Since 
study of this region is highly necessary for identifying other regions 
such as the sacculus, harpe or ampulla, it seems advisable to call atten- 
tion to it during this discussion of the valva; hence its designation as 
anellifer. 


Transtilla (Pierce, 1914) 

Pierce himself, in his original description of geometrid genitalia, 
which included the designation of the transtilla, was somewhat uncertain 
about the identification of this part in various forms, because the struc- 
ture recognized by him as the transilla in some Larentinae (/ydrio- 
mena, Epirrhoe, Xanthorhoe, etc.) is not a true transtilla, but rather the 
labides of Pierce (1914). In the Phalaenidae Forbes (1939) called the 
transtilla erroneously a tendon, and his transtilla is rather a sclerotiza- 
tion of a part of the anellus (labides’?). In the Rhopalocera the trans- 
tilla is found very rarely in some scattered forms. A part of the fultura 
superior penis of Petersen (1904) is probably a transtilla 


SUMMARY 

1. A detailed comparison of male genital armatures in Rhopalocera 
Phalaenidae and Geometridae has revealed that among these families 
homological relationships of various regions of the valva can actually be 
determined. 

2. The valvae of the families under consideration are divided and 
designated as follows: sacculus, harpe, ampulla, valvula, cucullus, costa, 
transtilla and anellifer, the last being a new term 

3. The harpe and ampulla should not be considered as irregular 
projections attached to the mesal surface of the valva, but recognized as 
distinct regions thereof. The terminological implications of such 
homologies are discussed. 

!. The cucullus and valvula are absent in all the species of 
Rhopalocera thus far examined, so that in this group the ampulla and 
harpe usually form terminal processes of the valva. The occurrence of 
the cucullus in geometrid, and of the valvula in phalaenid, valvae 1s 
shown 

5. The importance to the morphology of the valva of distinguishing 
the membranous central, proximal region, which may represent a lateral 
extension of the anellus, and is named the “anellifer’’, is emphasized 

6. The terminological aspects concerning the lateral clasping 
organs of Lepidoptera are discussed briefly. 
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A REVISION OF THE URANOTAENIA OF PANAMA WITH 
NOTES ON OTHER AMERICAN SPECIES OF 
THE GENUS 


(Diptera, Culicidae)' 


PEDRO GALINDO,? FRANKLIN S. BLANTON,? ann E. L. PEYTON‘ 


During the course of a light-trap mosquito survey in Panama, 
we had the opportunity of examining over nine thousand specimens of 
Uranotaenia and became impressed with the difficulties in volved in the 
identification of the different species due to the inadequacy of the 
available treatises on the American species of the genus. 

Dyar (1928) published the last truly comprehensive work on the 
New World species of this interesting group of culicine mosquitoes 
and since a date only scattered descriptions of new species have 
appeared in the literature with the exception of Lane’s (1943) attempt 
to bring a to date the information on South American species and 
the excellent publication by Pratt (1946) on the three species known 
to occur in Puerto Rico. At present, Dyar’s work is completely out 
of date due to the addition of many new species since its publication, 
to the inaccuracy of his descriptions and figures of the male terminalia 
and to the almost complete lack of information on the immature stages, 
and Lane’s publication is incomplete and has the disadvantage of 
lacking keys for the separation of the different species. Thus the 
American species of Uranolaenia are evidently in need of a complete 
revision in the light of present day knowledge of the genus. 

The present work was originally planned as a revision of the 
American species of the genus, but in view of our inability to obtain 
adequate South American material, it was decided to publish it as a 
revision of the Uranolaenia of Panama, with additional notes on other 
species which became available to us during the study. oo 
our work is far from complete, it is hoped that publication of it at this 
time may serve to stimulate further taxonomic invest sianiiane on the 
subject. 

Lane (1939) records six species of Uranoltaenia from Panama, 
namely: calosomata D. & K., coatzacoalcos D. & K., geometrica Lutz, 
hystera D. & K., lowii Theobald and pulcherrima Lynch Arribalzaga. 
In the present publication we add eight new records for the countr 
and describe four new species. For reasons that will be discussed 
under the species, we have come to the conclusion that coatzacoalcos 
does not occur in Panama, and that what has gone under that nam 
in this country are in reality two species: lyphlesomata Dyar and Knab 
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and trapidoi n. sp. The name Uranotaenia socialis Theob. has been 
revived to designate what has gone under the name of Uranotaenia 
sapphirina Osten Sacken in Middle America. We have also included 
in this paper a key to all the known American species of Uranotaenia. 

While we feel that little can be added in the way of new species or 
new records of U’ranotaenia for Panama, our knowledge of the immature 
forms of many of the species remains fragmentary and much arduous 
field work is still required to reveal the breeding habits of them. 


METHODS 


The importance of the male terminalia in any taxonomic work on 
Uranotaenia cannot be overemphasized. The dististyle, phallosome 
and ninth tergite offer excellent characters for the separation of almost 
all the known species, but it is absolutely necessary to have adequate 
mounts in order to interpret correctly the different parts of the 
terminalia. We have obtained excellent results with the following 
method modified after Fairchild and Hertig (1948). 

The terminal abdominal segments are clipped with a pair of fine 
;cissors between the seventh and eighth segments. The last segments 
with the terminalia are boiled in 20% KOH for fifteen to twenty 
econds, then pas ed through a weak solution of HCL to neutralize 
the alkali and dropped into pure fresh phenol. The specimen is stained 
in a weak solution of acid fuschin in phenol for one to two hours and 
dissected in a small drop of the staining solution. In dissecting the 
pecimen we separate first the eighth segment from the rest of 
the terminalia, then remove the styles and carefully tease the phallosome 
away from the ninth tergite; this last operation is very delicate and 
hould be done with extreme care as the lobes of the ninth tergite have 
a tendency to come off with the phallosome, resulting in a poor specimen. 

To mount the terminalia we place very small dropplets of copal- 
phenol on a clean slide and place each part of the terminalia on an 
individual drop of the mounting medium. The eighth segment is 
mounted on a central uppermost drop followed by the two styles facing 
each other. Care should be taken that the styles are oriented in a true 
lateral position as a number of species are characterized by the dis- 
tended ventral border of the dististyle and this condition can only 
be seen in a true lateral view of the specimen. The styles are followed 
by the phallosome which may be mounted whole, in a dorso-ventral 
position, or the plates split apart and each mounted in lateral view. 
When more than one specimen are available it is better to have both 
dorsal and lateral views of the phallosome as some species have a 
number of teeth on the tergal arm of the phallosome that are obscured 
in dorsal view. The ninth tergite follows the phallosome; this sclerite 
should be mounted flat with the lobes pointing toward the phallosome 
0 as to appreciate properly the shape of the lobes and of the emargina- 
tion of the basal border of the sclerite; this can be accomplished by 
separating the ninth tergite from the sternite through cuts on each 
side of the tergite. Four small pieces of cover-slip glass are then 
placed around the mounted parts to act as supports for the cover-slip 
and thus avoid crushing of the specimen. 
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Once the parts are properly mounted, the slide is placed in an 
oven at 40° C until all the phenol is driven off. A small drop of balsam 
is then placed on top of the copal and allowed to dry before putting on 
the cover-slip. This last step prevents movement and disorientation 
of the different parts of the terminalia. 

With this method excellent mounts are obtained in which all the 
parts can be adequately studied. We must emphasize on the necessity 
of dissecting the specimen, as whole mounts are totally inadequate 
since neither the phallosome nor the ninth tergite can be interpreted 
correctly in them. 


Uranotaenia Lynch Arribalzaga 


Uranotaenia Lynch Arribalzaga, 1891. Rev. Mu La 
pulcherrima Lynch Arribalzaga 
Anisecheleomyia Theobald, 1905. Ent., 38:52. Type: nivipes Theobald 
Pseudouranotaenia Theobald, 1905 Jour. Econ. Biol., 1:33. Type: rowlandt 
Theobald 


Pseudoficalbia Theobald, 1912. Trans. Linn. Soc. Zool., 15:89. Ty pandant 
Theobald 


GENERAL CHARACTERISTICS 


Small to very small mosquitoes with the following characteristic 
very short Re cell, much shorter than its petiole; anal vein ending 
at the same level of the fork of the cubitus; extremely fine microtrichia 
of the wing membrane, usually only visible under the compound 
mucroscope. 

Head: Proboscis almost always swollen at its apex; palpi short to 
very short in both sexes. Clypeus and tori varying in color from 
vellow to dark brown according to the species. Antennae rather long 
in the females, usually, though not always, shorter and densely plumos 
in the males. Occiput clothed with flat ovoid scales and a few erect 
ones varying in color and arrangement according to the specie: 

Thorax: Anterior pronotal lobes set wide apart, alwa\ with a 
patch or broad stripe of light scales in the known American specie: 
Mesonotum with a vestiture of narrow, curved, dark scales and in the 
New World species with a line of broad, flat, bluish or white scales 
in the supraalar region, which in some species extends to the anterior 
margin of the scutum. Dorsocentral bristles numerous, ver} long 
and strong; achrosticals smaller and weaker but also numerous. Mid 
lobe of scutellum with a patch of light scales in some speciés. Pleura 
mostly glabrous, with a stripe of light scales across the upper third 
of the sternopleuron in most American species. Pleural chaetotaxy 
as follows: three anterior pronotals, two above and one below; one or 
two propleurals, occasionally absent; one or two posterior pronotal 
one to three spiraculars, occasionally absent in some specimens 
postspiraculars; one or two prealars; one to four upper st rnopleural 
six or more lower sternopleurals; one to three upper mesepimerals, one 
lower mesepimeral. Suture between sternopleuron and prealar region 
quite marked. Paratergite always bare. Legs extensively marked 
with white in some species. Tibiae and tarsi showing secondary) 
sexual modifications in the male of some African (Edwards, 1941) and 
Indian (Barraud, 1934) species and in at least two American speci 


no 
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nataliae in the present paper Tarsal 
for midtarsal claws of the males of most 
ly subequal. Pulvilli absent. 
to the species, mostly dark; a 
vein and the bases of the costa, first 
Squamae bare. Abdominal scales 
color and arrangement according to the species. 

Male terminalia asl conical, rather short; basal lobe present 
rather obsolete i1 ies, usually triangularly projected in 
and simple, with the ventral 
ome American species, usually 
ne hairs, but definitely pilose in at 
neotropical s. Appendiculate spine usually simple, 
bifurcate ; Phallosome composed of two lateral 
a bridge; each plate usually divided into two arms, 
one sternal, which bear teeth of varying numbers, 
according the species. Ninth tergite forming an 
with an emargination at base and with knob-like 
lobes at the shoulders in all American species. Tenth 

nl completel membranous paraprocts not developed. 
Larva: Head often elongat dorsal head hairs Nos. 5 and 6 
(terminology of Belki usually, though not always, single, often 
segment with a pair of sclerotized 


pine-lik Eighth abdominal 


lateral plate which bear a number of comb-scales arranged in a single 
row on its posterior border. Air-tube rather short, with a number of 
pecten teeth and a single pair of subventral tufts. 

Pupa: The genus Uranotaenia is rather ill defined in the pupal 


tage Che tru 


‘ 
t 


npets and chaetotaxy vary greatly in the different 

peci howing no characteristic peculiar to all the species of the 

genus. The paddles are usually inflated on the inner border and bear 
on the apical half 


PTHE HIGHER CATEGORIES OF THE GENUS 

The species of Uranotaenia are quite homogeneous. Despite the 
fact that there are over 100 valid species throughout the world, all 
attempts to split the genus subgenerically have failed. Theobald 
(1912) first attempted it creating Pseudoficalbia to include pandani 
Theobald and related species. Edwards (1912) was of the opinion 
that Pseudoficalbia should not be retained as a subgenus as he could 
find no important structural characters to distinguish the species 
included in that subgenus from the rest. However, he later changed 
his mind (Edwards, 1916; Edwards in Schwetz, 1927) and revived 
the subgeneric division basing it mainly on larval characters. Philip 
(1931) pointed out that the separation proposed by Edwards did not 
hold in the case of the larva or LU’. mashonaensis Theob. and U. bilineata 
var. fraseri Edw. and Edwards (1932) because of these discrepancies 
decided to relegate Pseudoficalbia to group rank, basing the separation 
on the presence or absence in the adult of a supraalar strip of broad 
flat scales. In 1941, he abandoned this arrangement because ‘‘ 
it was not very natural, especially as it did not take sufficient account 


of the considerable diversity in the Pseudoficalbia group.’’ In its 
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place he proposed a division of the African species into four groups 

which he denominated A, B, C and D with the following characteristi 
“‘“Group A.—Scutal scales mostly narrow, but ith 
broad scales; apn scaly; wings usually 
Terminalia (where known) with ter; 
into pointed processes or rounded kn 
lp with strong spines."’ 

“Group B.—Scutal scales all narrow (except 
cales dark. Terminalia (where known) wi 
nor cormers produced; tyle hort but le 
verv small hooks." 

“Group ( Scutal scales all narrow. apn 
with tergite bare , more or le produced 
style long and slender; /p with small spine 

“Group D.—Scutal scales all broad; apn and pleura¢ 
Terminalia with tergite hairy without process¢ 


ae oid 


mi 


According to this classification all the known species of the New 
World would fall into group A, a fact which emphasizes the clos 
relationship that exists between these species. It is evident, however, 
after consideration of adult and male terminalia characters, that 
some species appear more related to one another than to thi 
the species of the group and naturally fall into a number of seri 
can be characterized as follows 

Pulcherrima-series.—Occiput largely dark-scaled centrall Me 
notum with a median line of bluish scales or with a spot of bluish 
scales on antescutellar space; a patch of blue scales on midlobe 
scutellum; a short supraalar line of bluish scales. Wings dark-scal 
with a line of bluish scales arising on the stem vein and running along 
the base of the fifth vein. Hind tibiae with a conspicuous apical white 
spot; tarsi extensively and variously marked with white (except 1 
sapphirina and socialis). Antennae of male plumose with the segment 
shorter than in the female, except for the last two which are markedl; 
longer. Midtarsal claws of the male distinctly subequal. Dististyle 
not pilose. Pulcherrima, sapphirina, apicalis, geometrica and socialis 

Pallidoventer-series.—-As in the pulcherrima-series except for the 
absence of blue markings along the midline of mesonotum or midlobe 
of scutellum. Wings dark-scaled with a line of pale scales along the 
base of first and/or fifth veins. Hind tibiae with or without apical 
white spots. Hind tarsi dark or with the last two or three segment 
entirely white. Pallidoventer, coatzacoalcos, calosomata, typhlosomata, 
cooki, ditaenionota, mathesoni, davisi, (rapidoi n. sp. and incognita n. sp 

Leucoptera-series.—Occiput almost entirely clothed with white 
scales. Mesonotum dark along the midline and with the sides exten 
sively clothed with white scales (hystera) or with a short supraalar line 
of white scales. Wings extensively pale-scaled. Male with pro 
nounced secondary sexual characters as in the pulcherrima-seri 
Dististyle not pilose. Leucoptera, hystera and nataliae. 

Lowii-series.—Occiput largely dark-scaled centrally. Mesonotum 
and scutellum dark-scaled except for a short supraalar line of blue or 
white scales. Wings dark-scaled with a line of pale scales arising on 
the stem vein and running along the base of fifth vein, except for 
telmatophila n. sp. which has the wing-scales mostly pal Legs dark 
or with the last two segments entirely whit Male with secondar 
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exual characters of antennae and midtarsi entirely absent or markedly 
reduced. Dististyl Lowii, orthodoxa, briseis, paludosa n. sp. 
and telmatophila n. : 

Anhydor-series 1 in pallidoventer-series, except for complete 
absence of pale scales on the wings. Head hairs Nos. 5 and 6 of larva 
double or triple instead of the simple spines. Amnhydor and syntheta. 


STRUCTURAL PATTERNS OF SPECIATION IN URANOTAENIA 


Like in other genera of the Culicidae speciation in Uranotaenia is 
reflected in changes along certain general structural patterns. How- 
ever, it must be borne in mind that these changes are sometimes 
restricted to only one of the stages in the life-cycle of a species, so that 
the case may present itself where two closely related species may be 
separated with certainty only by characters present in one of the 
immature stages, giving rise to so-called “‘larval’’ or ‘“‘pupal”’ species. 
The presence of such forms in the genus—as in the case of coatzacoalcos 
D. & K. and trapidoi n. sp and of sapphirina O. S. and socialis Theob. 
discussed in this paper—makes it increasingly important to study all 
the stages of a form from different points in its territory before arriving 
at definite nomenclatorial conclusions, particularly in the case of 
‘species’? with a very wide geographical distribution, such as low/tt, 
geometrica, calosomata, etc., as defined at present. 

In the adult stage the most important of the structural patterns 
affected by speciation is that of the color and arrangement of certain 
specialized body scales which give a bright blue or silvery reflection 
under daylight illumination. The most important groups of these 
metallic scales are: (a) the occipital scales which form characteristic 
patterns in many of the species; (b) the line of supraalar scales which in 
some species, like in lowii, is very short and bluish, while in others, 
like in calosomata and davisi extends all the way to the anterior border 
of the scutum and is white in color; (c) specialized scales along the 
midline of the mesonotum and on the scutellum, present in the species 
of the pulcherrima series which form a characteristic blue line or spot 
in this area; (d) the patch of scales across the upper third of the sterno- 
pleuron which is absent in at least three American species; (e) the 
wing scales which in some species become partly modified, giving rise 
to characteristic patterns or lines of white or blue scales; (f) the tarsal 
scales which may be modified to form groups of white scales originating 
various and specific tarsal markings. 

In the male terminalia specific changes appear to occur principally 
in three structures: (a) the dististyle, whose shape, the presence or 
absence of pile and the structure of the appendiculate spine char- 
acterize many American species; (b) the phallosome with its intricate 
arrangement of teeth, spines and other processes; (Cc) the ninth tergite, 
particularly the shape of the basal emargination as well as the shape 
and position ol the lobes. 

The immature stages of Uranotaenia are very poorly known so it 
appears too risky to venture generalizations on the structures that 
are modified in the different species. However, it is known that 
pigmentation patterns of the head capsule of the larva and of the 





1954| Galindo et al.: Uranotaenia of Panama 113 


integument of the pupal case can be used to separate a number of 
species. Other characters that seem to be important in the separation 
of the species are the quality and branching of the dorsal and ventral 
head hairs, particularly hairs Nos. 4, 5, 6, 7, 9, 11, and 13; the place 
of insertion of the antennal hair; the quality and number of branches 
of prothoracic hairs Nos. 3, 4, 5, 7, and 14; the number of branches of 
lateral abdominal hair No. 6 on segments I and II; the number, shape 
and size of teeth on the lateral plate of the eighth abdominal segment; 
the structure and number of the pecten teeth; the place of insertion of 
the siphon tuft; the shape of the pupal trumpets and the quality and 
branching of some of the dorsal abdominal hairs of the pupa, par- 
ticularly hairs Nos. 2 and 5 (terminology of Knight and Chamberlin, 
1948). 


BIONOMICS 


Little is known of the bionomics of the adult Uranotaenia. Most 
of the specimens studied by us have been taken in light traps or reared 
from larvae. The scant observations we have made on the adults 
of a few species will be discussed under the individual species. 

Of the eighteen species of Uranolaenia known to occur in Panama, 
thirteen have been taken as larvae. Of these, nine are known to occur 
in large open swamps with abundant growth of different types of 
aquatic vegetation, namely, apicalis, briseis, geometrica, leucoplera, 
lowit, nataliae, pulcherrima, socialis and lelmatophila. One, ltyphloso 
mata, occurs frequently in stream bed pools from sea level to 2,000 ft. 
in elevation. Calosomata seems to favor partly shaded boggy springs 
or marshy pastures, /rapidoi is a highland species found mainly in cold 
mountain springs between 2,000 and 6,000 ft. elevation, and pallido- 
venter favors shaded ground pools in marshy forests. 

Of the six species whose larvae remain unknown to us, four are 
consistently captured in light traps operated in or near large open 
swamps; these are: dilaenionola, hystera, incognita and paludosa. Th 
other orlhodoxa has been captured only in light traps placed deep 
within the tropical rain forests of Bocas del Toro Province at least 
twelve miles from the nearest large open swamp. 

A year-long study of the species breeding in large open swamps wa 
conducted to determine by means of weekly collections the annual cycle 
of larval abundance. These species can be grossly divided into three 
groups according to the time of year when the immature stages reach 
a peak of abundance. 

a) Species that reach a peak of abundance during the dry season 
telmatophila, briseis and geometrica. Of these three; lelmatophila an 
briseis are found only in cool water among the matted roots of 
in drying out swamps, while geometrica favors pools and ponds in 
sunlight, particularly in the presence of Spirogyra alga 

b) Species that reach a peak of abundance soon after the onset 
the rains: /owii and nataliae. 

c) Species that reach a peak of abundance at the height of the rain 
season: leucoplera, apicalis, pulcherrima and socialis. 
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KEY TO AMERICAN SPECIES OF URANOTAENIA® 
Adults 
Hind tarsi dark ee ‘ ; ; : cto oe 


Hind tarsi extensively marked with white.... ea eae ; 17 
Mesonotal integument markedly bicolor. Central part bronzy brown, 
bordered by a pale yellowish band which extends from the roots of the 
wings around the anterior border of the scutum. Pleura concolorous 
vith this band. Mesonotal scales dark on bronzy brown integument, 
white on pale yellowish band hystera 
Mesonotum otherwise , ; ee artes 3 
Wing-scales all dark . ; : ‘ 4 
Wings with at least a short line of bluish or white scales at the base of 


one of the vein ; : 0 
With a conspicuous line of iridescent bluish scales extending on each side 
from the scutal angle almost to the anterior margin of the scutum. .syntheta 
Line of iridescent bluish scales less conspicuous and much shorter, ending 
much before the anterior margin of the scutum, sometimes completely 
obsolete ; sis anhydor 
Mesonotum with a long line of white scales on each side ‘extending from 
above the root of the wing all the way to anterior border of the scutum. 6 
Mesonotum with a short line of pearly blue or white scales on each side 
extending at most to the scutal angle ; . eee Bian Ga 
Abdominal tergites with very broad basal bands of white scales. 
: . ditaenionota 
Abdominal tergites with very narrow basal bands of white scales. .mathesoni 
Mesonotum with a narrow median line of bluish scales......... ie 
Mesonotum without such a median line of bluish scales 9 
Median line of bluish scales extending all the way back to the sc scutellum. 
Line of blue scales along the stem of the fifth wing-vein occupying more 
than half the distance from the base to the fork..... sapphirina 
Median line of bluish scales interrupted at antescutellar space. Line of 
blue scales along the stem of the fifth vein occupying half the distance 
wr less from the base to the fork bar core socialis 
Occiput almost completely white-scaled . ; , ecw ae a) Oe 
Occiput with abundant dark s« ales centrally : . ; Teaver eee 
Wings with several conspicuous large spots of white s« ales. Sternopleuron 
with a band of bluish white scales. .... ......Mataliae 
Wing-scales mostly white with a large spot ‘of dark scales extending along 
the basal two-thirds of the costa and involving the subcosta and first 
vein. Sternopleuron bare . .leucoptera 
Hind tibiae with a conspicuous large spot of white scales at apex......cooki 
Hind tibiae entirely dark-scaled ads , iis tet ata ice 
Sternopleuron without scales (iio saree se hwe we 13 
Sternopleuron with a broad stripe of bluish, white or nearly transparent 
scales across the upper third Pee tars 14 
A spot of white scales in the center of the vertex. No eye border. Medium 
sized species. . . orthodoxa 
Center of vertex with a spot of pearly blue scales joined by a line of con- 
colorless scales which arises on each side above the anterior pronotal 
lobes and borders the eye for some distance from the vertex. Very 
small species briseis 
White scales on occiput broadly bordering the eyes from the vertex to the 
mentum, so that the outside corners of the head appear almost com- 
pletely white scaled. Pleura dark brown concolorous with mesonotum 
on upper third; pale yellowish on lower two-thirds..... ... .incognita 
Pearly blue or white scales on occ iput bordering the eyes for only half the 
distance or less from the vertex to the mentum, so that the outside 
corners of the head appear dark-scaled. Pleura otherwise. . . 15 


5U). syntheta D. and S., mathesoni Lane, sapphirina O.S., cooki Root, and davist 
Lane are not discussed at length in this paper, but are included in the keys for the 
sake of completeness 
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15. With a very short line of bluish scales at the extreme base of the wings 
over the inner aspect of the costa (seen only when illuminated from 
above under daylight illumination). Pleura brown with a darker spot 
on sternopleura. Medium-sized species... . : pallidoventer 

All scales at base of wing dark. Pleura with no darker spot on sterno- 
pleura. Very small species..... 16 
Supraalar line of white scales extending beyond the level of the anterior 
margin of the paratergite. Mesonotal integument very dark brown to 
black. Scales across the upper third of sternopleura snowy white in 
color. ae saa telmatophila 
Supraalar line of white scales very short, not reaching the level of the 
anterior border of the paratergite. Mesonotal integument yeliowish 
brown. Sternopleural scales almost transparent paludosa 
All the hind tarsal segments marked with white at least at the joints 18 
Terminal hind tarsal segments white. First and second joints entirely 
dark-scaled... 20 
Hind tarsi with fourth and fifth segments entirely white. Mesonotum 
with a median spot of bluish scales just before the antescutellar space 
Large species. . . geometrica 
Fourth hind tarsal segme nt with a black ring around the middle. Meso 
notum variable. Medium sized species ; : 19 
Mesonotum with a narrow median line of blue scales extending from the 
anterior margin of the scutum to antescutellar space pulcherrima 
Mesonotum with a small spot of blue scales in front of antescutellar space 
apicalis 
Mesonotum with a . long ‘line of white scales on each side extending from 
above the root of the wing all the way to the anterior margin of the 
scutum. Third hind tarsal segment entirely white 
Mesonotum with a short line of pearly blue or white scales on each side 
extending from above the root of the wing half the distance or less to 
the anterior margin of the scutum. At least the basal third of third 
hind tarsal segment dark 
First abdominal tergite largely « lothed with creamy ye llow scales. Second 
to seventh tergites with conspicuous large U-shaped apical bands of 
creamy yellow scales bordering a central spot of dark brown scales 
hae Lane ERD ees a es calosomata 
First abdominal tergite entirely clothed with dark scales. Second to 
seventh tergites with apical spots of white scales davisi 
Line of light scales above the root of the wing not rea: hing the level of the 
anterior margin of the paratergite. Mesonotal integument yellow 
with a broad median dark brown band and two large dark brown spots 
above the roots of the wings. Small species lowii 
Line of light scales above the root of the wing extending well beyond the 
anterior margin of the pari atergite. Mesonotal integument not a 
above. Medium sized species. . 23 
Wing with a long line of white scales along the bz ise of the first vein. Fifth 
vein dark. Mesonotal integument dark brown in color. Knee spots 
on hind legs quite conspicuous. ....... trapidoi 
coatzacoalcos 
Wing with a ‘long line of pearly blue to white scales along the base of the 
fifth vein. First vein dark Mesonotal integument light brown. Knee 
spots on hind legs much less conspicuous typhlosomata 


Male Terminalia 


Dististyle clothed with short, fine pile 

Dististyle without pile, with only scattered hairs from conspicuous circular 
insertions 

Dististyle with a clump of four or more short, heavy teeth at apex 

Dististyle without such a clump of heavy teeth at apex 

Dististyle with only four teeth at apex orthodoxa 

Dististyle with over fifteen teeth at apex. . lowii 

Sternal arm of the lateral plates of the phallosome bearing subapically a 
heavy, claw-like tooth directed outwardly. Tergal arm a quadrate plate 
bearing at its apex a long, heavy, sharply curved tooth which point 
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inwardly and basally and a smaller, curved, claw-like tooth directed 
outwardly and basally. Pile on dististyle rather sparse telmatophila 
Sternal arm of the lateral plates of the phallosome without a claw-like 
ubapical tooth. Tergal arm not as above. Pile on dististyle dense 5 
Sternal arm of the lateral plates of the phallosome with a heavily sclerotized, 
curved, claw-like tooth inserted before the middle. Tergal arm with a 
heavy closely appressed tooth on outer aspect and an elongated crown 
of nine smaller teeth arising from the inner surface 5 briseis 
Sternal arm of the lateral plates of the phallosome with a small, narrow, 
bud-like tooth inserted slightly beyond the middle. Tergal arm a 
plate with an outer membranous pocket; apical border of the plate 
developed into a long, narrow, sharply pointed tooth... paludosa 
Basal border of the ninth tergite very shallowly emarginate; apical surface 
on which the lobes are inserted very deeply concave; lobes slender, 
horn-like. Sterna] arm of the lateral plates of the phallosome ending 
in a long, straight, acutely pointed spine. Tergal arm narrow, curved, 
U-shaped, developing apically into a heavy tooth calosomata 
Basal border of the ninth tergite deeply emarginate; apical surface on 
which the lobes are inserted straight or shallowly concave. Phallosome 
otherwise , ‘ 
Tergal arm of the lateral plates of the phallosome developed into straight 
sclerotized rods which fuse medianly anhydor 
syntheta 
Tergal arms of the lateral plates of the phallosome not as above, never 
fused medianly 8 
Apex of sternal arm of the lateral plates of the phallosome serrate or denticu- 
late, or developing laterally into a comb of several small, appressed 
teeth ; 9 
Apex of sternal arm of the lateral plates of the phallosome smooth, some 
times bearing laterally a single, large, clawlike tooth, but never a comb 
of small appressed teeth , , 14 
Sternal arm of lateral plates of the phallosome with serrate or denticulate 
apex, and bearing subapically and laterally a heavy claw-like tooth. 
Sternal arm of lateral plates of the phallosome with the apex developed 
laterally into a comb of several small appressed teeth 
Lobes of the ninth tergite set close together; interlobar space smaller than 
the combined width of the two lobes 
Lobes of the ninth tergite set far apart 
Tergal arm of the lateral plates of the phallosome a plate with two claw 
like teeth inserted near the apex, a clump of three or four smaller claw-like 
teeth arising medianly and six to nine straight, small teeth near the outer 
border j apicalis 
Tergal arm of the lateral plates of the phallosome with two claw-like teeth 
near the apex, but with no clump of smaller teeth medianly. Small, 
straight teeth near the outer border of the tergal plate usually absent 
and when present, much reduced in numbers... pulcherrima 
Tergal arm of the lateral plates of the phallosome with three subequal 
teeth inserted apically on the plate. Apex of sternal arm denticulate 
typhlosomata 
Tergal arm of the lateral plates of the phallosome with two subequal 
curved teeth inserted apically on the plate; apex of sternal arm 
serrate : leucoptera 
Ventral margin of dististyle markedly swollen distally incognita 
Ventral margin of dististyle not swollen ditaenionota 
Tergal arm of the lateral plates of the phallosome bearing a single large 
tooth . 15 
Tergal arm of the lateral plates of the phallosome bearing more than one 
tooth : 16 
Sternal arm of the lateral plates of the phallosome bending sharply out 
wardly at apex and developing into a long, fine, acutely pointed 
tooth hystera 
Sternal arm of the lateral plates of the phallosome a slightly curved, broad, 
sheath-like plate, which appears like a straight tubular structure in 
dorso-ventral view pallidoventer 


a 
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16. 


Tergal arm of the lateral plates of the phallosome bearing two large blunt 
teeth ; nataliae 
Tergal arm with more than two teeth 17 
Tergal arm bearing four rather small pointed teeth coatzacoalcos 
, trapidoi 
Tergal arm bearing two heavy teeth and four to eight smaller straight 
ones ° 
Subapical tooth of the sternal arm of the lateral plates of the phallosome 
nearly straight, beak-like. Tergal arm with two heavy teeth and eight 
smaller straight ones sapphirina 
pai socialis 
Subapical tooth of the sternal arm of the lateral plates of the phallosome 
curved, claw-like. Tergal arm with two heavy teeth and four smaller 
straight ones geometrica 
We have seen no material of mathesoni Lane, cooki Root and davisi Lane 


1s 


Larvae 


Lateral abdominal! hair No. 6 on segments I and II double 
Lateral abdominal hair No. 6 on segments I and II triple 
Prothoracic hair No. 14 a multiple tuft 
Prothoracic hair No. 14 single 
Pecten reaching nearly to the tip of the air tube. Siphon tuft inserted 
beyond the middle of the tube trapidoi 
Pecten teeth barely reaching the middle of the air-tube. Siphon tuft 
inserted at or before the middle... coatzacoalcos 
Head hair No. 5 double or triple, No. 6 single or double; antennal hair 
inserted on dorsal surface of antenna near the inner border anhydor 
syntheta 
Head hairs Nos. 5 and 6 always single; antennal hair inserted on outer 
border of antenna 
Prothoracic hair No. 3 a relatively short and weak tuft, one-half or le 
the length of hair No. 1. Air tube with a conspicuous dark spot on 
dorsal surface or with two dark bands, one located just before the middle 
and the other preapically 
Prothoracic hair No. 3 a long, strong tuft, appreciably more than one-half 
as long as hair No. 1. Air-tube uniform in color, without dark spots or 
bands 
Ventral head hair No. 13 a iong multiple tuft, as long or longer than 
dorsal head hair No. 6 Air-tube with two dark band , one located 
just before the middle and the other just before the tip leucoptera 
Ventral head hair No. 13 a very small inconspicuous tuft, one-third or less ' 
the length of dorsal head hair No. 6. Air-tube with a large dorsal dark 
spot interrupted near the apex telmatophila 
Head capsule golden brown in color cooki 
Head capsule dark brown to black lowii 
Air-tube with a broad dark brown ring on basal half and a dorsal dark 
pallidoventer 
9 


brown spot at apex 

Air-tube uniformly colored 

Prothoracic hair No. 14 single. Head capsule yellowish in color (except 
apicalts) 

Prothoracic hair No. 14 with three or more branche Head capsule dark 
brown to black 

Ventral head hair No. 13 a long, strong, conspicuous tuft, as long as dorsal 
head hair No. 6 

Ventral head hair No. 13 a small, weak, inconspicuous tuft much less than 
one-half as long as dorsal head hair No. 6 

Head capsule yellowish. Dorsal head hair No. 9 with 6 or 7 branche 
Ventral head hair No. 13 with 7 or 8 branches. A very small larva. . briseis 

Head capsule golden brown. Dorsal head hair No. 9 with four branche 
Ventral head hair No. 13 with four or five branches. A medium sized 
larva apicalis 

Antennae smooth, without spicules. Prothoracic hair No. 5 triple 

geometrica 


Antennae with spicule Prothoracic hair No. 5 single 13 
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13. Lateral plate of eighth abdominal segment bearing eleven to thirteen 
fringed, acutely triangular teeth. Length of air-tube about four times 
its basal width Prothoracic hair No. 3 a long tuft, over half as long as 
hair No. 1 typhlosomata 
Lateral plate of eighth abdominal segment bearing six or seven unfringed, 
broadly triangular teet! Length of air-tube barely three times its basal 
widtl Prothoracic hair No. 3 a short tuft, much less than half as long as 
hair No. 1 nataliae 
Dorsal head hair No. 4 double, rarely triple. Dorsal head hair No. 7 
four- or five-branched. Prothoracic hair No. 14 with 6 or 7 branches 15 
Dor al head hair No 4 with four or five branches. Dor al head hair 
No. 7 with 7 or 8 branche: Prothoracic hair No. 14 with three to five 
branche pulcherrima 
Lateral plate of eighth abdominal segment bearing seven to ten comb- 
cale Air-tube with twelve to fifteen pecten teeth sapphirina 
Lateral plate of eighth abdominal segment with five or six comb-scal« 
Air-tube with eight to ten pecten teeth socialis 
We have no material available of calosomata D. & K. and ditaenionota Prado, 
and the larvae of davist Lane, hystera D. & K., incognita n. sp., mathesoni Lane, 
orthodoxa Dyar and paludosa n. sp. are unknown. 


Uranotaenia aequatorianna Levi Castillo 

Uranotaenia aequatorianna Levi Castillo, 1953. Rev. Ecuat. Ent. Parasit., 1: 14 

The identity of this mosquito described from Ecuador, remains in 
doubt. It was described from two males and one female which unques- 
tionably belong to the pulcherrima-series but which seem to differ 
from the other species of the series by the presence of a black basal 
ring on the fifth hind tarsal segment. The figures of the male termi- 
nalia published by the describer are totally inadequate and his statement 


that the species had been declared to be new by Dr. Alan Stone of the 
U.S.N.M. is not confirmed by Dr. Stone, who in a letter to the senior 
author states: ‘‘The specimens that I saw of this species and of the 
species of Culex that he describes there consisted of two very poorly 
mounted slides of male genitalia. . I sent these two slides back 
to him determined as Uranotaenia sp. and Culex sp. with no suggestion 


’ 


that they were new species. The senior author has made 
repeated attempts to obtain as a loan the types which were deposited in 
the describer’s collection, or additional material, but has been totally 
unsuccessful. In view of these facts we are provisionally considering 
aequatorianna Levi Castillo as unrecognizable, until additional material 
is obtained for study. 


Uranotaenia anhydor Dyar 

Uranotaenia anhydor Dyar, 1907. Proc. U.S. Nat. Mus., 32: 128 

The authors have examined small series of U. anhydor and U. syntheta 
obtained through the courtesy of Drs. Alan Stone, Edward Ross, W. C. 
Reeves and B. Brookman. The male terminalia of the Texas and 
California forms are identical. The differences in the phallosome 
pointed out by Yamaguti and La Casse (1951) do not really exist as 
can be seen in specimens where the phallosome has been dissected out 
(see fig. 17). The larvae of these two forms also appear to be identical, 
but the adult character brought out by Dyar and Shannon (1924) does 
seem to hold, as in synthera the white line on the anterior fossae of the 
scutum is quite marked, while in anhydor this line is rather diffused, 
sometimes being completely obsolete. We concur with the opinion 
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of Brookman and Reeves (1953) that when material from the inter- 
mediate area is examined it may be found that we are dealing with 
two subspecies or even with a single species. 


Uranotaenia apicalis Theobald 


Uranotaenia apicalis Theobald, 1903. Mon. Cul., 3, p. 298 

Uranotaenia pulcherrima, Howard, Dyar and Knab, 1917 (in part Mosq. No. 
Cent. Am. & W. I., 4, p. 908. 

Uranotaenia pulcherrima, Dyar, 1928 (in part). Mosq. Amer., p. 422 


Uranotaenia apicalis, Edwards, 1932. Gen. Insect., fasc. 194, p. 98 
Uranotaenta apicalis, Lane, 1939. Cat. dos Mosq. Neot., p. 33. 
Uranotaenia apicalis, Lane, 1943. Rev. Ent., 14: 142. 

Female.—Head: Proboscis longer than fore-femur, swollen toward 
tip, with a vestiture of brown scales. Palpi barely as long as the 
clypeus, concolorous with the proboscis. Clypeus brown, bare. Tori 
yellowish. Antenna longer than the proboscis, dark-scaled except 
for base of third segment which is yellow. Occiput covered with dark 
brown ovoid flat scales with very slight metallic reflection. There are 
three large round spots of bright blue scale, one on vertex and one on 
each side of this bordering the eyes. 

Thorax: Anterior pronotal lobes clothed with bright blue scales. 
Mesonotal integument yellowish brown except for a broad darker 
central line which may be restricted to posterior half or totally absent. 
Vestiture of narrow ligulate brown scales except for a small spot of 
blue scales in front of antescutellar space and two short lines of blue 
scales that extend from above the roots of the wings half way to the 
anterior margin of the scutum. Scutellum with a spot of bright blue 
scales on the midlobe. Pleura uniformly yellowish brown except 
for paratergite which is dark brown, and for a brown spot on sterno- 
pleura which is covered with a broad band of bright blue scales. Coxae 
and trochanters pale yellowish. Femora dark brown above, exten- 
sively pale-scaled below; tip with a dorsal spot of snowy white scales. 
Tibiae uniformly dark-scaled except for a dorsal white spot at apex. 
Fore and midtarsi with evanescent white apical rings which tend to 
fade out on the last tarsal segments. Hind tarsi marked as follows 
first segment with an apical white ring, second and third segments 
with both basal and apical white rings, those at apex being larger than 
the basal ones; fourth segment white with a brown ring in the middle; 
fifth segment entirely white-scaled. Claws simple. Wing-scales brown 
except for a line of bluish scales extending from the stem of vein along 
the base of the fifth vein. 

Abdomen: Dorsum of abdomen dark-scaled except for two large 
triangular central spots of white scales on the third and fifth segments 
and with broad triangular apical spots on the sides of segments II, III, 
V and VI. Venter light-scaled. 

Male.—As in the female, except for following characteristics 
Antennae heavily plumose; antennal segments shorter with the exception 
of the last two which are longer. Midfemora swollen. Midtarsal 
claws unequal, one very long and stout, the other shorter and slender. 

Terminalia (Plate I): Basistyle conical, longer than wide, clothed 
with long hairs on outer border, basal lobe triangularly projected, 
bearing a group of four to six subequal hairs from sclerotized bases. 
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Dististyle (fig. 6) about as long as basistyle with more or less parallel 
sides on basal two-thirds and gradually tapering on outer third to a 
small, curved, beak-like point, bearing on outer half about twelve 
small fine hairs from rather conspicuous circular insertions. Appendicu- 
late spine inserted just below the tip, short and blunt. Ninth tergite 
(fig. 7) with basal border triangularly emarginate, lateral corners of 
the sclerite produced into two knob-like, approximate lobes. Lateral 
plates of the phallosome (figs. 8 and 9) divided into two arms. Sternal 
arm with two processes, outer one a sclerotized, heavy, claw-like tooth, 
inner one a membranous lobe closely attached to the tooth bearing a 
few fine spinules at apex. Tergal arm a plate with rounded apex 
bearing on its inner border and near the apex two equal claw-like 
teeth about half as long as the tooth of the sternal arm, and a clump 
of three or four smaller teeth at about the middle; outer border of the 
plate bearing a group of small straight teeth that vary in number from 
six to nine. 

Larva (Plate I1).--Head capsule golden brown in color. Antennae 
gradually and slightly tapered from base to apex, sparsely spiculate. 
Antennal hair inserted on outer border on basal half. Head hairs 
(fig. 1) as follows: No. 4 a rather weak but long three-haired tuft about 
as long as hair No. 6; No. 5 and No. 6 the usual thick, single, frayed 
spines; No. 7 a long five-branched tuft; No. 8 single and very long; 
No. 9 quadruple; No. 10 single or double; No. 11 a six-haired tuft; 
No. 12 single; No. 13 a long and strong five-haired tuft, as long as 
hair No. 6. Prothoracic hairs (fig. 2) as follows: Nos. 1 and 2 single 
and long; No. 3 a multiple tuft about half as long as No. 1; Nos. 4 
and 7 quadruple; No. 5 double; No. 6 single; No. 9 single; No. 10 
double, slightly longer than No. 9; No. 14 single. Abdominal hair 
No. 6 on segments I and II triple (fig. 3). Lateral plate of the eighth 
abdominal segment bearing on its posterior border, five or six appar- 
ently unfringed spines, one or two being much longer than the rest. 
Air tube (fig. 4) four times as long as its basal width, bearing around 
nine pecten teeth which do not reach the middle of the tube and are 
followed by a multiple tuft. Anal segment somewhat longer than 
wide, ringed by the plate which is fringed along its posterior border. 
Anal hair No. | multiple. 

Pupa (Plate I).—-Integument uniformly pale. Trumpets (fig. 5) 
slightly shorter than the length of the paddles, moderately flared at 
tip; tracheoid area occupying slightly less than half the length of the 
trumpet; pinna V-shaped, between one-third and one-half the length 
of the trumpej. Outstanding abdominal setae as follows: Hair No. 2 


§ 


EXPLANATION OF PLATE 1 

Uranotaenia apicalis Theobald 
Fic. | Larfa Dorsal and ventral views of head. Fic. 2. Larva. Dorsal 
and ventral views of prothorax Fic. 3. Larva Lateral hairs of abdominal 
segment | ri¢é 4 Larva Lateral view of terminal abdominal egments 
Fic. 5. Pupa lrumpet Fic. 6. Male terminalia Lateral view of the disti 
tvle. Fic. 7. Male terminalia Ninth tergite 1G. 8. Male terminalia 
Dorsal view of the phallosome Fic. 9. Male terminalia Lateral view of the 


phallo ome 
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a moderately long, conspicuous multiple tuft on segments II, III and 
IV, becoming gradually shorter, weaker and with fewer branches on 
segments V, VI and VII. Hair No. 5 a four-haired tuft, as long as 
No. 2 on segment IV; with three branches and appreciably longer than 
No. 2 on segments V and VI; shorter and weaker, about as long as No. 2, 
on segment VII. Paddles rather globose, inflated on inner border; 
midrib prominent for two-thirds the length of the paddle, nearly 
obsolete at tip; apical half of paddle serrate, serrations more numerous 
on outer border. 

V ariations.—Adult: The coloration of the mesonotal integument 
varies a great deal. Some specimens appear much darker showing 
two large dark spots on the anterior fossae. As usual in the pulcherrima- 
series, the extent of white on the hind tarsal segments shows much 
variation but with no apparent significance as to geographical distribu- 
tion. The fourth abdominal tergite shows, in some specimens, a small, 
median triangular white spot. 

Male terminalia: The number and size of the teeth inserted near the 
outer border of the tergal plate of the phallosome show variations, but 
again with no apparent significance. The emargination of the basal 
border of the ninth tergite which is usually deeply triangular, may appear 
in some specimens shallower and with a more rounded apex. 

Larva: As in other Culicidae, the chaetotaxy of the head and 
thorax has to be used with discretion as the number of branches of the 
hairs of the head and thorax show a degree of variation. The same 
can be said for the number of comb-scales on the lateral plate of the 
eighth abdominal segment and the pecten teeth on the air-tube. 

Distribution._-The species has been reported from Northern Mexico 
to Argentina, and some of the Antilles, and it apparently occurs together 
with pulcherrima throughout its range. In Panama and Honduras, 
apicalis greatly outnumbers the latter species, being one of the com- 
monest Uranotaenia of the lowlands. Our records for Panama show 
the species to be present along the marshlands of both coasts, in the 
provinces of Darien, Panama, Colon, Cocle, Herrera, Veraguas and 
Chiriqui and in the Canal Zone. 

Bionomics.—Little is known on the bionomics of the adults. They 
are known to be strongly and positively phototropic, representing 
almost one-half of all Uranotaenia taken in light traps in Panama. 
Nothing is known of their feeding habits, but we have never observed 
females engorged with blood. Adults may be found throughout the 
year but they become particularly abundant late in the rainy season 
and early in the dry season. The larvae prefer large, open swamps 
with abundant aquatic vegetation; we have found them among floating 


EXPLANATION OF PLATE II 
Uranotaenia anhydor Dyar 

Fic. 10 Larva Dorsal and ventral views of head. Fic. 11. Larva. Dorsal 
and ventral views of prothorax. Fic. 12. Larva. Lateral hairs of abdominal 
segment I. Fic. 13. Larva. Lateral view of terminal abdominal segments 
Fic. 14. Pupa. Trumpet. Fic. 15. Male terminalia. Lateral view of the 
dististyle. Fic. 16. Male terminalia. Ninth tergite. Fic. 17. Male termi 
nalia Dorsal view of the phallosome 
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masses of Pistia stratioles, as well as in swamps covered with vertical 
aquatic vegetation such as rushes and sedges. The larvae begin to 
appear in the month of July, after. the onset of the rains, and gradually 
build in numbers until they reach a peak at the height of the rainy 
season in the month of October. Once the peak is reached the larvae 
decline gradually in numbers, so that by the month of January, at the 
onset of the dry season, none are to be found, despite the fact that their 
breeding places never dry up. 

Taxonomic Notes. —Uranotaenia apicalis was described by Theobald 
in 1903 from a series of males and females taken in the island of Antigua 
in the Lesser Antilles. Howard, Dyar and Knab (1917) sank apicalis 
in the synonymy of pulcherrima Lynch Arribalzaga, stating: ‘‘ Ura- 
nolaenia pulcherrima varies in the thoracic ornamentation. One of 
our specimens, instead of the median line of metallic blue scales, shows 
only a patch of scales in front of the scutellum and the dark integu- 
mentary stripe is also absent. This is the form described by Theobald 
from the island of Antigua under the specific name apicalis.’’ Edwards 
(1932) raised the name again to specific rank and Lane (1943) pointed 
out what he thought were significant differences in the male terminalia 
of these two species, apicalis having a number of serrations on the outer 
border of the tergal arm of the lateral plates of the phallosome, which 
were apparently absent in pulcherrima. 

In Panama we have collected large numbers of both apicalis and 
pulcherrima. Examination of hundreds of specimens have led us to 
conclude that the two species are unquestionably distinct. We have 
found no integradation in the mesonotal markings, pulcherrima having 
always a long median line of blue scales, while in apicalis this line is 
reduced to a small spot in front of the antescutellar space. 

In regards to the male terminalia character brought out by Lane 
(loc. cit.) we cannot agree with him as to the reliability of the presence 
or absence of ‘‘serrations’’ (these are actually teeth) on the extreme 
border of the tergal arm of the phallasome to separate these two species. 
While it is true that these teeth are always present in apicalis, they 
are by no means always absent in pulcherrima, although, when present, 
they are always reduced in numbers. In 57 preparations of the termi- 
nalia of pulcherrima in which the phallosome had been split and the 
plates mounted in lateral view, we found 29 specimens which showed 
at least one tooth in one or both of the plates. In 17 of these, there 
were only one or two teeth present, sometimes showing one or two 
teeth on one of the plates and none on the other. The great reduction 
in the number of teeth in pulcherrima makes it practically impossible 


EXPLANATION OF PLATE III 
Uranotaenta brisets Dyar 

Fic. 18. Larva Dorsal and ventral views of head Fic. 19. Larva Dorsal 
and ventral views of prothorax. Fic. 20. Larva. Lateral hairs of abdominal 
segments I and I] Fic. 21. Larva Lateral view of terminal abdominal seg 
ment Fic. 22. Pupa. Trumpet. Fic. 23. Male terminalia. Lateral view of 
dististyle. Fic. 24. Male terminalia. Ninth tergite. Fic. 25. Male termi 
nalia. Dorsal view of the phallosome. Fic. 26. Male terminalia. Lateral 
view of the phallosome 
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to see them in whole mounts of the phallosome which may well be the 
reason why Lane reported them as always absent. 

We have found a very reliable character in the phallosome to 
separate apicalis from pulcherrima, but this character cannot be seen 
except when the phallosome is dissected out and the plates split and 
mounted in lateral view. In apicalis there is a clump of three or four 
small teeth at about the middle of the tergal arm which is totally 
absent in pulcherrima. The larvae of these two species are also abun- 
dantly different. 


Uranotaenia briseis Dyar 


Uranotaenia briseis Dyar, 1925. Ins. Ins. Mens., 13: 216 
Uranotaenia briseis, Dyar, 1928. Mosq. Amer., p. 419 
Uranotaenia briseis, Edwards, 1932. Gen. Insect., fasc. 194, p. 98. 
Uranotaenia briseis, Lane, 1939. Cat. dos Mosq., Neotr., p. 33. 

Female.—Head: Proboscis slightly longer than fore fernur, swollen 
toward tip, dark. Palpi barely as long as the clypeus, dark-scaled. 
Clypeus and tori yellowish brown. Antennae longer than the pro- 
boscis, dark. Occiput clothed with bronzy brown scales and a stripe 
of bluish scales on each side that arises above the inner angle of the 
anterior pronotal lobe and cuts diagonally across the head meeting a 
conspicuous patch of bluish scales at the center of the vertex. 

Thorax: Anterior pronotal lobes light brown in color with a large 
patch of bluish scales. Mesonotal integument yellowish with a sparse 
vestiture of narrow curved dark scales and a short line of broad, flat, 
bluish scales arising on each side above the root of the wing and extend- 
ing forward almost to the level of the anterior border of the paratergite. 
Scutellum dark-scaled. Pleura concolorous with mesonotum with no 
outstanding markings and without scales. Coxae and trochanters 
yellowish. Legs dark-scaled. Wing-scales dark, darker and more 
numerous along costa, subcosta and first vein. A line of broad, flat, 
bluish scales arising on the stem vein and extending along the basal half 
of the stem of the fifth vein. 

Abdomen: Abdominal tergites entirely dark brown. Venter pale- 
scaled. 

Male.-Coloration of the female with no secondary sexual modifica- 
tions on antennae or tarsal claws. Terminalia hidden from view, so 
that separation of the sexes is difficult even under the dissecting scope. 

Male terminalia (Plate III): Basistyle conical, almost as wide as 
long. Basal lobe with a group of four strong hairs from sclerotized bases 
and two or three smaller ones on inner border, projected toward the 


EXPLANATION OF PLATE IV 
U coatzacoal¢ os D and K. and U calosomata D and K. 
Fic. 27. U. coatzacoalcos. Larva. Lateral view of terminal abdominal 


awe. 
segments. Fic. 28. U. coatzacoalcos. Larva. Lateral hairs of abdominal seg- 
ment II. Fic. 29. U. coatzacoalcos. Larva. Dorsal and ventral view of pro- 
thorax. Fic. 30. U. coatzacoalcos. Larva. Dorsal and ventral views of head 
Fic. 31. U. coatzacoalcos Pupa Trumpet Fic. 32. U. calosomata. Male 
terminalia. Lateral view of the phallosome. Fic. 33. U. calosomata. Male 
terminalia. Lateral view of the dististyle. Fic. 34. U.calosomata. Male termi 
nalia. Dorsal view of the phallosome. Fic. 35. U.calosomata. Male terminalia. 
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outer border in a triangular strap bearing scattered hairs. Dististyle 
(fig. 23) about two-thirds the length of the basistyle, fusiform, clothed 
with abundant pile and a few scattered hairs from rounded insertions. 
A small stout pointed appendiculate spine. Plate of the phallosome 
(figs 25 and 26) divided. Sternal arm a broad, curved, smooth plate, 
bearing before the middle a curved, claw-like tooth. Tergal arm with 
one strong, curved, heavily sclerotized tooth on the outer aspect and a 
crown of spines on the inner aspect consisting of some nine small rather 
heavy, subequal teeth. Nine tergites (fig. 24) with the basal emargina- 
tion acutely triangular. Lobes knob-like, small, approximate. 

Larva (Plate III)..-Head capsule yellowish. Antennae very short, 
tapering gradually from base to apex, sparsely spiculate. Antennal 
hair inserted on outer border and at basal third. Head hairs (fig. 18) 
as follows: No. 4 with four to six branches about three-fourths as long 
as No. 6; Nos. 5 and 6 the usual thick, single, frayed spines; No. 7 
a multiple tuft; No. 8 single; No. 9 with about seven branches; No. 10 
single; No. 11 with seven to ten branches; No. 12 single; No. 13 a long 
and strong five to seven-haired tuft, as long as No. 6. 

Prothoracic hairs (fig. 19) as follows: No. 1 and 2 single and long; 
No. 3 a six-haired tuft less than half as long as No. 1; Nos. 4 and 7 
double; Nos. 5 and 6 single; No. 9 double; No. 10 single and slightly 
shorter; No. 14 single. Lateral abdominal hairs (fig. 20) on segments I 
and II triple. 

Lateral plate of the eighth abdominal segment bearing on its posterior 
border from six to ten acutely pointed, slightly subequal, unfringed 
spines. Air tube (fig. 21) with almost straight sides, three times as 
long as its basal width, bearing eight to eleven pecten teeth along 
the basal half. Tuft inserted just beyond the pecten at about the middle 
of the tube. Anal segment long and narrow, ringed by the saddle 
which is fringed along its posterior border. Hair 1 with six branches, 
long. 

Pupa.—Pupal integument uniformly pale. Trumpets (fig. 22) 
tubular and very narrow, slightly tapering at apex, about four-fifths 
the length of the paddles; tracheoid area occupying slightly less than 
half the length of the trumpet; pinna inconspicuous, narrowly and 
acutely V-shaped, about one-fifth the length of the trumpet. Out- 
standing abdominal setae as follows: Hair No. 2 a moderately long 


EXPLANATION OF PLATE V 
ia of U. hystera D. and K., U. ditaenionota Prado 
U. paludosa n. sp. and U. incognita n. sp. 
U’. hystera. Dorsal view of the phallosome. Fic. 37. U. hystera. 
view of the phallosome. Fic. 38. U. hystera. Lateral view of the disti 
style Fic. 39. U. hystera. Ninth tergite. Fic. 40. U. ditaenionota. Dorsal 
view of the phallosome. Fic. 41. U. ditaenionata. Lateral view of the phallo 
ome Fic. 42. U. ditaenionota. Lateral view of the dististyle. Fic. 43. U. 
ditaentonola Ninth tergite Fic. 44. U paludosa Dorsal view of the phallo 
ome Fic. 45. U. paludosa. Lateral view of the phallosome. Fic. 46. U 
paludosa. Ninth tergite Fic. 47. U. paludosa. Lateral view of the dististyle. 
Fic. 48. U. incognita. Lateral view of the dististyle. Fic. 49. U. incognita 
Ninth tergite Fic. 50. U. incognita. Dorsal view of the phallosome. Fic. 51. 
UL’. incognita Lateral view of the phallosome 
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multipl tult on segment II, III, and IV, with less branches and 
maller on segments V, VI, and VII. Hair No. 5 a four-haired tuft as 
long as No. 2 on segment IV; double or triple and about equal in size 
to No. 2 on segments V, VI, and VII. Paddles inflated on inner border 
o that inner part is larger than outer; midrib pronounced on basal 
two-thirds, nearly obsolete toward apex. Apical half of paddles weakly 
errat 

Distribution. The species has only been reported from Venezuela 
and Panama, but probably occurs throughout the Caribbean area. 
In Panama we have taken it along both coasts, but it is particularly 
abundant in the large swamps formed by meandering streams that 
empty into the Pacific Ocean. We have records of the species from 
the Provinces of Darien, Panama, Cocle, Herrera, Chiriqui and Bocas 
del Toro and from the Canal Zone. 

Bionomics.—-Nothing is known of the feeding habits of the adults. 
Flight range appears to be quite restricted and we have repeatedly 
observed the adults on the wing among the heavy vegetation which 
covers the breeding places, in jerky Phlebotomus-like flights, always 
laying close to the breeding area. 

We have encountered heavy breeding of the species in large swamps 
choked with the large sedge, Fuirena umbellata Rottb. and in lesser 
numbers among floating masses of Pistia. Larvae begin to appear in 
numbers late in the rainy season, in the month of November, and 
reach a peak of abundance in the middle of the dry season in the months 
of February and March, virtually disappearing after the onset of the 
rain 

Taxonomic Discussion._-Uranotaenia briseis was described from a 
ingle female taken by L. H. Dunn in the Catatumbo River, Venezuela, 
and no additional specimens have been reported since. 

Since 1948 we have collected abundant material in the marshlands 
of Panama of a species that was provisionally identified as LU’. brisets 
Two females were sent to Dr. Alan Stone to compare with the type, 
which Dr. Stone kindly did, answering as follows: ‘‘ Uranotaenia briseis. 
Female type from Catatumbo R., Venezuela, L. H. Dunn. In not 
as good condition as the two specimens you sent, but I find no means of 
separating your specimens from the type.” 

Adults of briseis can be separated from all other species of American 
Uranotaenia, except orthodoxa and leucoptera, by the lack of scales on 
the sternopleura. It differs from orthodoxa in the occipital markings 
and in size, orthodoxa being much larger, and from leucoptera by the 
wing and occipital markings. In male terminalia characters the species 
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EXPLANATION OF PLATE VI 
Uranotaenia geometrica Lutz 

Fic. 52. Larva Dorsal and ventral view of head Fic. 53. Larva Dorsal 

ind ventral view of prothorax. Fic. 54. Larva. Lateral hairs of abdominal 
egment I. Fic. 55. Larva. Lateral view of terminal abdominal segment 
Fic. 56. Pupa. Trumpet. Fic. 57. Male terminalia. Ninth tergite Fic. 58 
Male terminalia. Dorsal view of the phallosome. Fic. 59. Male terminalia 
view of the phallo ome Fic. 60. Male terminalia Lateral view of the 
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comes closest to lowii, orthodoxa, paludosa n. sp. and lelmato phila Nn. Sp., 
since they all have the dististyle clothed with pile; it may be separated 
from them by the phallosomal and dististyle characters mentioned in 


the ke 


Uranotaenia calosomata Dyar and Knab 
ranotaenta calosomata D. & K., 1907. Jour. New York Ent. Soc.. 15: 200 
ranotaenia calosomata, Howard, Dyar and Knab, 1917. Mosq. No. Cent. Amer 
& W. I., 4: 922 
ranotaenia calosomata var. alhitarsts Gordon & Evans, 1922. Ann. Trop. Med 
& Parasit., 16: 355 


ranolaenta calosomala 


Ivar, 1928. Mosq. Amer., p. 423 


I 
Edwards, 1932. Gen. Insect., fasc. 194, p. 98 
Lane 
Lar 


ranolaenta calosomala, : 
, Lane, 1939. Cat. dos Mosquit. Neotr., p. 33 
ane, 1943 Re Ent., 14: 155 


‘ranotaenta calosomata 
ranotaenta calosomata, 
Female. Head: Proboscis shorter than fore femur, slightly swollen 
at apex, dark-scaled. Palpi very short, hardly longer than the clypeus. 
Clypeus and tori brown. Antennae longer than the proboscis, dark 
except for base of third segment which is white. Occiput clothed 
with broad flat scales which give a slight greenish reflection, and some 
erect narrow dark ones; a line of pure white scales arises on each side 
above the anterior pronotal lobes and meets a tuft of long erect white 
scales on the center of the vertex. 

Thorax: Anterior pronotal lobes dark brown, with a conspicuous 
broad band of snowy white scales. Mesonotum dark brown, clothed 
with narrow curved dark scales and a narrow continuous line of white 
scales extending from the roots of the wings around the anterior border 
of the scutum. Scutellum concolorous with mesonotum. Pleural 
integument dark brown except for a broad light stripe across the lower 
portion of the mesepimera directly in line with a narrow band of pure 
white scales across the upper third of sternopleura. Coxae creamy 
white stained with brown on upper border. Trochanters pale. Femora 
and tibiae dark-scaled with white apices. Fore and midtarsi usually 
entirely dark, but sometimes with extensive white markings which 
may cover from the third segment to the apex. Hind tarsi with third, 
fourth and fifth segments entirely white-scaled. Wing-scales dark 
except for two long lines of white scales involving the stem vein and 
base of the first and fifth wing-veins. Abdominal tergites with con- 
spicuous, large U-shaped apical bands of creamy yellow scales bordering 
a central spot of dark brown scales. First tergite largely light-scaled 
except for a small central spot of dark brown scales. Sternites basally 
dark, api ally light-s« aled. 


EXPLANATION OF PLATE VII 
lUranotaenia leucopltera The obald 
Dorsal and ventral views of head. F1ic.62. Larva. Dorsal 
and ventral views of prothorax. Fic. 63. Larva. Lateral hairs of abdominal 
egments I and II. Fic. 64. Larvé Lateral view of terminal abdominal seg 
nent Fic. 65. Pupa. Trumpet. FIG Male terminalia. Dorsal view 
the phallo ome Fic. 67. Male minalha Lateral view of the dististyle 
Fic. 68. Male terminali: Lateral view he phallosome. Fic. 69. Male 
rmina li Ninth tergite 
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VM ale.—-Coloration of the female, with pronounced secondary sexual 
modifications. Antennae heavily plumose; antennal segments shorter 
han in the female except for the last two which are appreciably long r. 

id-femora swolle1 Mid-tarsi with a single very long and stout claw 

Male ‘minalia (Plate IV): Basistyle conical, somewhat longer 
than wide lothed with many long hairs and a few deciduous ribbed 
cal lobe well defined, triangularly projected toward outer 

A clump of four strong 
weaker hairs toward the triangular projection. 


two-thirds a iong as the basistyle, apex curved 


hairs along its inner 


like; ventral margin conspicuously swollen on 
ter third; vestiture of several fine hairs from rather conspicuous 
Appendiculate spine fine and simple. Ninth 


5) somewhat narrower at apex than at base; basal margin 


uu 


rou! de d 


( 
9) 
) 
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ind obtusely emarginate; apical border deeply concave 
la corners produced into two very narrow, horn-like processes. 
Lateral plates of the phallosome (figs. 32 and 34) divided, sternal arm 
without any processes, sharply bending outwardly at its apex and 
developing into a long, straight, acutely pointed spine. Tergal arm 
heavily sclerotized, narrow, curved, U-shaped, without any processes 
ind developing apically—at the same level of the spine of the sternal 
arm-—into a heavy tooth. 

Immature Stages~-We have collected larvae of this species on 
everal occasions but at present lack adequate material from which 
to make an appropriate description. 

Distribution..-This species has been found from Costa Rica all 
the way to southern Brazil. In Panama we have taken it in the 
provinces of Panama, Darien, Cocle, Los Santos, Chiriqui, Bocas del 
Toro and the Canal Zone in every month of the year from sea-level 
to 3,500 feet elevation 

Bionomics.— Little is known of the bionomics of this species. Adults 
appear rather frequently in light trap collections but are never very 
common. Occasionally adults may be taken by sweeping under the 
banks of forest streams. The larvae, according to Busck (in Howard, 
Dyar and Knab, 1917), * are very elongate, with reddish body, 
deep black head and comparatively short tube: they are easily over- 
looked, as they go down at the least disturbance and remain at the 
bottom for a long time, burrowing in the mud.’’ We have found the 
larvae in forested hills breeding in shaded side-pools of cool water 
along streams and in shaded shallow, murky springs where the larvae 


may be seen buried in the loose mud at the bottom. Lane (1943 


EXPLANATION OF PLATE VIII 
Uranotaenia lowu Theobald 


Fic. 70. L Dorsal and ventral view 
ind ventral view f prothorax. Fic. 72. Larva 
egments I ; ;. a. Larva Lateral view 
ment Fic. 7 Pup umpet. Fic. 75. Male 
the phallosome PIG 7 Male terminalia | 
Fic. 77. Male terminal ‘ i 
terminal Ninth tergi 





PLATE VIII 





136 Annals Entomological Society of America [Vol. 47 


also reports the larvae from bamboo stumps, but as mentioned in the 
taxonomic discussion he may have been dealing with a different species. 

Taxonomic Discussion.—Uranotaenia calosomata was described from 
Tabernilla, Canal Zone, from five adult specimens bred from larvae. 

We agree with Lane (1943) in that var. albitarsis Gordon and 
Evans should not be maintained as it is based on the extent of white on 
the tarsi which actually is a very variable character. 

The male terminalia as described and figured by Lane (1943) for 
specimens from Brazil checks closely with our topotypical material 
except for the presence of numerous spicules on the sternal arm of 
the phallosome which are totally absent in Panama males, and which 
possibly indicates specific differences between calosomata and the 


Brazilian form. 


Uranotaenia coatzacoalcos Dyar and Knab 


ranotaenia coatzacoalcos D. & K 1906 Jour. New York Ent. Soc., 14: 186 
ranotaenia coatzacoalcos, Howard, Dyar and Knab, 1917. Mosq. No. Cent. Amer 


& W.1., 4, p. 916 
'ranotaenia basalis Howard, Dyar an ‘nab, 1917. Mo q No. Cent. Amer. & 


W.I., 4, p. 917 
'ranotaenta coatzacoalcos, Dyar, 1923. Ins. Ins. Mens., 11: 71 
Uranotaenia coatzacoalcos, Dyar and Shannon, 1924 (in part Ins. Ins. Men 


12: 19] 
l/ranotaenia coatzacoalcos, Dyar, 1928 (i1 part Mosq Amer., p 424 
Uranotaenia coatzacoalcos, Edwards, 1932 (in part). Gen. Insect., fasc. 194, p. 98 


Lane, 1939 (in part). Cat. dos Mosq. Neotr., p. 34 


Uranotaenia coatzacoalcos, 


Female.-As in Uranotaenia trapidoi n. sp., except for venter of 
abdomen which in the two undamaged specimens examined (one 
from Tenosique, Mex., and one from San Jose, Costa Rica) appears 
uniformly pale-scaled, while in frapidoi n. sp. it shows broad, basal, 
segmental dark bands. This character, however, may not be constant, 
as abdominal coloration tends to show variations in the genus. 

Male.As in Uranotaenia trapidoi n. sp. 

Larva (Plate IV, figs. 27, 28, 29 and 30).—As in trapidoi n. sp. 
except for characters in the air-tube mentioned in the key. 

Distribution..-The species occurs from Mexico to Costa Rica. We 
have examined typical larvae of this species from Mexico, Salvador 
and Costa Rica. The published records of it south of Costa Rica 
refer in reality to /yphlosomata Dyar and Knab, a lowland species, and 
to trapidoi n. sp., a highland species. 

Bionomics._-Larvae of this species prefer partly shaded waters and 
have been found in a reedy ditch (Mexico, F. Knab, coll.), rocky 
pools in a stream bed (Mexico, F. Knab, coll.), internodes of cut bamboo 


EXPLANATION OF PLATE IX 
Uranotaenia nataliae Lynch Arribalzaga 

Fic. 79. Larva Dorsal and ventral views of head Fic. 80. Larva. Dorsal 
and ventral views of prothorax. Fic. 81. Larva. Lateral hairs of abdominal 
segments I and II. Fic. 82. Larva. Lateral view of terminal abdominal seg 
ment Fic. 83. Pupa. Trumpet. Fic. 84. Male terminalia. Lateral view of 
dististvle. Fic. 85. Male terminalia Ninth tergite. Fic. 86. Male termi 
nalia Dorsal view of the phallosome Fic. 87. Male terminalia Lateral view 
of the phallosome 
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(El Salvador; P. Galindo and H. Trapido, coll.) and in 


full of dead leave and other vegetabl debris (Costa R 


ind H Trapido, coll 
Taxonomic Discussion The taxonomic status of coatzacoalcos 
& Kk. is fully discussed under trapidoi n. sp. and typhlosomata D. & K. 


I 


true identity of it remains in doubt as the type consists of two larval 


ry poor condition which Dyar (1923) considered to be third 


species U’. basalis H. D. & K., of which adequate type material 

: in the United States National Museum, was sunk in the 

nonymy of coatzacoalcos D. & K. by Dyar (loc. cit.) and until good 

series of reared and associated specimens are studied from the type 

localities of both coatzacoalcos and basalis, we are accepting Dyar’s 

opinion, so that typical “‘dbasalis’’ material from Middle America 
hereby treated under the name coatzacoalcos D. & K. 


Uranotaenia ditaenionata Prado 


Uranotaenia ditaenionata Prado, 1931. Mem. Inst. Butantan, 6: 209 
Uranotaenia burku Lane, 1936 Re Mus. Paulista, 20: 194 

Uranotaenia burku, Lane, 1939. Cat. dos Mosq. Neotr., p. 33. 

Uranotaenia ditaenionota, Lane, 1939. Cat. dos. Mosq. Neotr., p. 34 

Uranotaenia ditaenionota, Lane, 1943. Rev. Ent., 14: 158. 

Female.Head: Proboscis slightly shorter than fore-femur, dark. 
Palpi barely as long as clypeus, dark-scaled. Clypeus and tori brown. 
Antennae dark, longer than the proboscis. Occiput clothed with 
br vad, flat, dark cales, some erect dark ones and a broad band of snowy 
white scales on each side which arises in front of the anterior pronotal 
lobe and then proceeds anteriorly bordering the eye to the center of 
the vertex where it meets a small tuft of moderately long, snowy white 
Sf ale 

Thorax: Anterior pronotal lobes brown, clothed with a band of snowy 
white scales. Mesonotal integument bronzy brown with a slightly 
darker patch on each side extending from the root of the wing to anterior 
border of the scutum. Vestiture of narrow, curved, brownish scales 
and a line of broad, flat, white scales on each side, arising above the 
root of the wing and extending as far as the anterior border of the 
cutum. Pleura bronzy with a light-colored band across the mes- 
epimera directly in line with a broad band of white scales across the 


EXPLANATION OF PLATE X 
l’. orthodoxa Dvar and I pallidoventer Theobal 


Fic, 8S l orthodoxa Mal t ninalia Lateral ist 
| It xo l orthodoxa M ile t minaila Dor al 1e W I | llo ome 
Fic. 90. Ll orthodexa. Male terminalia Lateral iew of he phallosome 
Fic. 91 orthodoxa Male terminalia Ninth tergite Fic. 92 U pallido 

i Dorsal and ventral views of head Fic. 93. U. pallidoventer 
Larvi il and ventral views of prothorax. Fic. 94. U. pallidoventer 
Larva a il iew of the terminal abdominal segment Fic. 95. U pallido 
enter. Larva. Lateral hairs of apdominal segment II. Fic. 96. U. pallidoventer 
Pupa Trumpet. Fic. 97. U. pallidoventer. Male terminalia. Lateral view of 
the dististvle Fic. 98. U. pallidoventer Male terminalia Dorsal view of the 


phallosome. F1G. 99. U. pallidoventer. Male terminalia. Ninth tergite. Fic. 100 


l 


pallidoventer. Male terminali Lateral view of the phallosome 
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upper third of sternopleura. Meron and coxae yellowish with some 
light colored scales on coxae. Legs dark. Tarsal claws equal, small 
and unarmed. Wing scales mostly dark; a long line of white scales 
at the base of the first vein 

Abdomen: Abdominal tergites dark with very broad basal bands 
of white scales. Venter pal 

Male._-Coloration of the female. Secondary sexual characters 
pronounced; antennae densely plumose, antennal segments shorter 
than in the female except for the last two which are longer. Maid- 
femora swollen. Mid tarsal claws subequal, one very long and stout, 
the other shorter and slender. 

Male terminalia (Plate V): Basistyle conical, longer than wide. 
Basal lobe well defined and triangularly projected toward outer border 
of basistyle, bearing a clump of four or five hairs from heavily sclerotized 
bases on the inner border of the lobe and a few smaller scattered hairs 
on outer projection. Daististyle (fig. 42) shorter than basistyle with 
more or less parallel edges for most of its length, with the dorsal border 
curving gradually toward apex and ending in a small beak-like point; 
vestiture of a few scattered fine hairs from rather conspicuous rounded 
insertions. Appendiculate spine inserted just below the beak, short and 
stout and with a blunt point. Lateral plates of the phallosome (figs. 
10 and 41) divided; sternal arm a smooth plate ending in a comb of 
five of six subequal, finely pointed, appressed teeth, and bearing at 
about the middle and on its outer edge a very stout, curved, heavily 
sclerotized tooth. Tergal arm heavily sclerotized, conical, ending in 
an acutely pointed, sharply curving tooth. Ninth tergite (fig. 43) 
with basal edge deeply and quadrately emarginate. Lateral borders 
developed into two sharply curved, widely separated horn-like lobes. 

Immature Stages.—-Partly described and figured by Lane (1943), 
but no material has been available to us. 

Discussion..-The species was described from the State of Sao 
Paulo, Brasil, and its synonym, burkii Lane has the State of Matto 
Grosso as its type locality. All further published records of the species 
are from southern Brasil. 

The material from Panama in front of us appears to belong here, as 
it checks in every detail with the excellent description and figures given 
by Lane (1943). The species is very rare in Panama and only occa- 
sional specimens have been taken near the large coastal marshes of the 
Province 6f Panama and one female from Almirante, in Bocas del Toro 


Province. 


EXPLANATION OF PLATE XI 
Uranotaenia pulcherrima Lynch Arribalzaga 

Fic. 101. Larva. Dorsal and ventral views of head. Fic. 102. Larva 
Dorsal and ventral views of prothorax. Fic. 108. Larva. Lateral abdominal 
hairs of segments I and I] Fic. 104. Larva Lateral view of terminal abdom 
inal segments. Fic. 105. Pupa. Trumpet. Fic. 106. Male terminalia. Dorsal 
view of the phallosome Fic. 107. Male terminalia Lateral view of the disti 
tyle Fic. 108. Male terminalia Ninth tergite Fic. 109. Male terminalia 
Lateral view of the phallosome 
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Uranotaenia geometrica Lutz 


laenia geometrica Lutz, 1901 In Theobald) Mon. C 
laenia geometrica, Howard, Dyar and Knab, 1917 Mos« 
W. 1., 4, p. 918 
iaenia geometrica, Dyar, 192% Mosq. Amer., 421 
Uranotaenia geometrica, Edwards, 1932 sen. Insect., fasc. 194, p 
ne ’ los | q. Neotr p 34 
ine : unt., 14: 144 


I 

oe 

Uranotaenia geometrica, L 
L 


Uranotaenta geometrica 


Female.—Head: Proboscis longer than fore-femur, swollen toward 
tip, dark. Palpi very short, barely as long as clypeus, dark. Clypeus 
brown. Tori yellow. Antennae shorter than the proboscis. Occiput 
clothed with dark flat scales with faint metallic reflection except for a 
broad stripe of scales on each side that gives a strong silvery reflection 
and which extends from above the anterior pronotal lobe to the ey« 
Vertex with a large patch of scales with a bluish silvery reflection. 
Thorax: Anterior pronotal lobes with a vestiture of bluish silver 
es. Mesonotum uniformly bronzy brown with a vestiture of 
narrow dark scales, a spot of silvery bluish scales in front of ante- 


1 
| 


SCad 


scutellar space and a line of bluish scales on each side arising above the 

1 extending beyond the anterior border of the 
paratergite. Scutellum with a large patch of silvery blue scales on 
the midlobe. Pleura uniformly pale yellow with a large band of blue 
cales cutting across the upper third of sternopleura. Coxae and 
trochanters yellow. Femora and tibiae dark with prominent apical 
white spots. Fore and midtarsi dark, with evanescent basal and 
apical white rings on first and second joints. Hind tarsi marked as 
follows: First segment with small apical white ring; second segment 
with small basal and apical white rings; third segment with small basal 
and large apical white rings; fourth and fifth segments entirely white- 
scaled. Wing-scales dark except for a line of bluish scales occupying 
one-half of the stem of the fifth vein and continuing back along the 
stem vein. Abdominal tergites dark with three triangular silvery 
spots on each segment, one on the midline and two on the sides. Venter 
pale. 

Male._-Coloration of the female. Secondary sexual modifications 
quite strongly developed. Antennae densely plumose with segments 
shorter than in the female except for last two which are longer. Mid- 
femora swollen. Midtarsal claws unequal. 

Male terminalia (Plate VI): Basistyle conical, longer than wide. 
Basal lobe triangularly produced, with a clump of long hairs from 
sclerotized bases on its inner margin and some small hairs towards 
the outer margin. Dististyle (fig 60) about three-fifths the length 


root of the wing ane 


EXPLANATION OF PLATE XII 
Uranotaenta sapphirina (Osten Sacken 
FIG 110 Larva Dorsal and ventral view of head FIG 111 Larva 
Dorsal and ventral view ol prothorax FIG 112 Larva Lateral hair ot 
abdominal segment | Fic. 113. Larva Lateral view of terminal abdominal] 
egment Fic. 114, Pupa. Trumpet. Fic.115. Male terminalia. Dorsal view 
of the phallosome Fic. 116. Male terminalia Ninth tergite Fic. 117 Mal 
terminalia. Lateral view of the phallosome. Fic. 118. Male terminalia. Lateral] 
view of the dististyl 
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of the basistyle, gradually tapering from base to apex, clothed with a 
few minute hairs from conspicuous circular insertions. Appendiculate 
spine fine and simple. Ninth tergite (fig. 57) much narrower at apex 
than at base, nearly triangular; basal margin deeply and obtusely 
emarginate. Lateral corners produced into two long knob-like approxi- 
mate processes. Lateral plates of the phallosome (figs. 58 and 59) 
divided into two arms. Sternal arm a flat plate with rounded apex, 
bearing one heavy, long, claw-like tooth at about the middle and a few 
small teeth on inner surface. Tergal arm a broad plate bearing two 
heavy claw-like teeth on its inner apical margin and several smaller, 
straight teeth toward the outside. 

Larva (Plate VI).—-Head capsule yellowish. Antennae smooth, 
gradually tapering from base to apex; antennal hair No. 2 (apical 
group) much longer than the others; antennal hair inserted well before 
the middle. Head-hairs (fig. 52) as follows: No. 4 single or double 
as long as No. 6 but much weaker; Nos. 5 and 6 the usual thick simple 
spines; No. 7 a three or four haired tuft; No. 8 single; No. 9 in fours; 
No. 11 a long four-haired tuft; No. 13 a very small and inconspicuous 
tuft. Prothoracic hairs (fig. 53) as follows: Nos. 1 and 2 single and 
long; No. 3 a long tuft, well over half as long as No. 1; No. 4 double 
or triple; Nos. 5 and 7 triple; No. 6 single. Abdominal hair No. 6 
on segments I and II triple (fig. 54). Lateral plate of the eighth 
abdominal segment bearing six or seven acutely pointed spines weakly 
fringed at base, the middle ones being longer than the others. Air tube 
(fig. 55) slightly over three times as long as its basal width, bearing 
seven to nine pecten teeth not reaching the middle of the tube and 
followed by a multiple tuft. Anal segment not much longer than 
wide, ringed by the plate which is fringed along its posterior border. 
Hair No. | multiple, long. 

Pupa.—Pupal integument yellowish brown with diffused darker 
spots at the base of the abdominal segments. Trumpets (fig. 56) 
tubular, long, much longer than the length of the paddles. Tracheoid 
area occupying well over half the length of the trumpets. Pinna 
rounded with a small elliptical slit toward the base of the trumpet. 
Distance from tip of trumpet to base of slit about one-fifth the length 
of the trumpet. Outstanding abdominal setae as follows: No. 2 a long 
and conspicuous multiple tuft on segments II and VII; No. 5 a long, 
conspicuous multiple tuft on segments IV and VII, similar to No. 2. 
Paddles inflated on inner border, so that inner part is actuaily larger 
than outer; midrib quite pronounced to tip. 

Bionomics.— Lutz (in Theobald, 1901) reports the species as biting 


EXPLANATION OF PLATE XIII 
Uranotaenia socialis Theobald 

Fic. 119. Larv: Dorsal and ventral views of head. Fic. 120. Larva 
Dorsal and ventral views of prothorax. Fic. 121. Larva. Lateral hairs of 
abdominal segments I and II] Fic. 122. Larva. Lateral view of terminal 
ibdominal segment Fic. 123. Pupa. Trumpet. Fic. 124. Male terminalia. 
Lateral view of the dististyle. Fic. 125. Male terminalia. Ninth tergite. 
Fic. 126. Male terminalia. Dorsal view of the phallosome. FiG. 127. Male 
terminalia, Lateral view of the phallosome 
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1 severely during the day although not particularly inclined to do so. 
Lane (1943) in commenting Dr. Lutz’s observations states that he has 
never observed the species biting man and goes on further to say that 

his opinion, this as well as other species of the genus only rarely 


uck the blood of warm blooded animals. 

We have never taken this species biting man, but on one occasion 
the senior author took over fifty females freshly engorged with blood 
from a large burrow inhabited by a ‘‘Conejo Pintado” (Cuniculus paca 
virgalus Bang 

The larvae prefer open, sunlit bodies of water with abundant 
aquatic vegetation, particularly algae of the genus Spirogyra. They 
are frequently found associated with anopheline larvae, especially 
with A. albimanus and A. pseudopunctipennis and reach a peak of 
abundance late in the rainy season and early in the dry season. 

Taxonomic Discussion._As Howard, Dyar and Knab (1917) and 
Lane (1943) have pointed out, the tarsal white markings of this species, 
as in other related species of the pulcherrima-series, are quite variable. 
The extent or white on the third hind tarsal segment varies a great deal 
and the fourth hind tarsal segment O¢ casionally shows a black ring as in 
apicalis and pulcherrima. The phallosome as figured by Lane (1943) 
for Brasilian males of geometrica, appears to differ from the phallosome 
of Panama males, which would seem to indicate that the northern 
form is a distinct specie However, we prefer to maintain the name 
geomelrica for our species until given the opportunity to examine 
South American material. 


Uranotaenia hystera Dyar and Knab 
ranotaenia hystera Dyar and Knab, 1913. Ins. Ins. Mens., 1: 76 
ranotaenia hystera, Dyar, 1928 Mosq. Amer p. 417 


ranotaenta hystera, Edward 1932 Gen. Insect., 194, p OS 
ranotaenia bicolor, Martini, 1935 (nec¢ Uranotaenia bicolor Leicester, 1908). 


Mosq. de Mex., p. 29 
ranotaenia bicolor, Lane, 1939. Cat. dos Mosq. Neotr., p. 33. 
Uranotaenia hystera, Lane, 1939. Cat. dos. Mosq. Neotr., p 
ranotaenia martinit, Lane, 1943. Re Ent., 14: 152 
Female.—Head: Proboscis shorter than fore-femur, slightly swollen 
toward tip, dark. Palpi barely longer than the clypeus, dark. Tori 
and clypeus brown. Antennae longer than the proboscis, dark. Vertex 
and occiput densely clothed with broad, flat, straw-colored scales. 
Thorax: Anterior pronotal lobes pale, clothed with pale scales. 
Mesonotal integument bronzy brown with three darker median lines 
which coalesce posteriorly to form a broad median dark band, all this 
I 


EXPLANATION OF PLATE XIV 
Uranotaenia telmatophila n. sp. 

FiG 128. Larva Dorsal and ventral views of head. FIG 129. Larva. 
Dorsal and ventral views of prothorax. Fic. 130. Larva. Lateral hairs of 
abdominal segment II. Fic. 131. Larva. Lateral view of terminal abdominal 
segments Fic. 132. Pupa. Trumpet. Fic. 133. Male terminalia. Ninth 
Fic. 1384. Male terminalia. Lateral view of the dististyle. Fic. 135. 
Dorsal view of the phallosom« Fic. 136. Male terminalia. 
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bordered by a broad pale yellowish band which extends from the roots 
of the wings around the anterior margin of the scutum; vestiture of 
narrow, curved scales which are dark on the brown integument and 
white on the pale yellowish border. Pleura, coxae and trochanters pale 
ellow throughout, concolorous with pale mesonotal border. A few 
light, almost transparent, scales on upper third of sternopleura. Post- 
notum dark brown. Legs dark. Wing-scales scanty and somewhat 
pale, nearly transparent, except those on costa, subcosta and _ first 
vein which are abundant and very dark, giving the appearance of a 
large dark spot on the upper border of the wing extending from the wing 
base nearly to the tip of the first vein; a line 0° snowy white scales 
arising on the stem-vein and extending along the base of the fifth vein. 

Abdomen: Abdominal tergites dark brown, except for small median, 
white apical triangular spots on segments III, V, VI and VII, a broad 
apical white band on segment IV and small apical lateral white spots 
on segments IV, V and VI. Venter pale-scaled. 

Male.—Coloration of the female. Secondary sexual characters 
quite pronounced. Antennae pulmose; antennal segments shorter 
than in the female, except for last two which are longer. Midfemora 
swollen. Midtarsal claws markedly unequal. 

Male terminalia (Plate V): Basistyle conical, somewhat longer than 
wide. Basal lobe triangularly produced with only four prominent 
hairs, one long, one moderate and one small at the inner border and a 
moderate one outwardly. Dististyle (fig. 38) about four-fifths as long 
as the basistyle with curved, pointed, beak-like tip; ventral margin 
conspicuously swollen toward the apex; vestiture of several small 
hairs from conspicuous insertions. Appendiculate spine bifurcate 
Ninth tergite (fig. 39) almost as wide at apex as at base, nearly quad- 
rate; basal margin deeply and quadrately emarginate; apical margin 
shallowly concave with the lateral corners produced into two small 
mound-like lobes. Lateral plates of the phallosome (figs. 36 and 37) 
divided, sternal arm a plate ending in a sickle-shaped acutely pointed 
tooth and bearing medianly a heavy, curved tooth. Tergal arm a 
highly convoluted heavily sclerotized tooth with the tip directed 
basally. 

Immature Stages. Unknown. 

Distribution. ranotaenia hystera has been reported from Northern 
Central America through French Guiana (Floch et Abonnenc, 1947), 
but Lane (1943) failed to find it in Brasil. The species was first taken 
in Panama by Komp (in Dyar, 1928) who collected a female in 
Almirante, Bocas del Toro Province. We have found it along the 


EXPLANATION OF PLATE XV 
Uranotaenia trapidoi n. sp 
Fic. 137. Larva. Dorsal and ventral views of head. Fic. 138. Larva 
Dorsal and ventral views of prothorax. Fic. 139. Larva. Lateral hairs of 
ibdominal segment II. Fic. 140. Larva. Lateral view of terminal abdominal 
egment Fic. 141. Pupa. Trumpet. FIG 2. Male terminalia. Lateral 
iew of the dististyle Fic. 143. Male terminalia. Ninth tergite. Fic. 144 
Male terminalia. Dorsal view of the phailosome. Fic. 145. Male terminalia 


Lateral view of the phallo ome 
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of both cox it 1 in large numbers. Our records 


‘ 1 
Co« iS. 30cas 


how it to be present in in Panama, Darien, 
del Toro and the Canal 


Bionomics.—-Nothing 1 
immature stages remain unknown. Except for a single female collected 
a 


if . 
known of the habits of the species and the 


inside the Airport building at Changuinola, Bocas del Toro Province 
all our specimens have been taken in light traps. The male is described 
and figured in this paper for the first time. 

Taxonomic Discussion—In 1935 Martini described what he con- 
sidered a new species of Uranolaenia from British Honduras which he 
named bicolor. As the generic name Pseudoficalbia Theobald, 1905, 
had been sunk in the nonymy of Uyranotaenia Lynch Arribalzaga, 
IS91, the species Pseudoficalbia bicolor Leicester, 1908, had become 
Uranotaenia bicolor (Leicester, 1908) and Uranotaenia bicolor Martini, 
1935, immediately created a homonym. Lane (1943) proposed the 
name Uranolaenia martinii to replace bicolor Martini. 

Martini’s species was described from a single female and separated 
from hystera on the basis of abdominal coloration, but the describer 
noted the close similarity of the two spe ies and called attention to the 


ical 


possibility that his species could well represent but a mere variety of 
hystera 

In our material of hystera from Panama we note marked variations 
in the color pattern of the abdominal tergites and until males from 
the type locality of U'ranotaenia martinii Lane are obtained we prefer 


to consider marlinii a synonym of hystera. 


Uranotaenia incognita n. sp 
Female.Head: Proboscis about the size of fore-femur, slightly 
swollen toward the apex, dark. Palpi very short, barely as long as the 
clypeus, dark-scaled. Clypeus and tori dark brown. Antennae longer 
than the proboscis, dark. Occiput clothed with flat, round, brown 
with some metallic luster, a few erect narrow ones on the nape 
and a line of snowy white scales broadly bordering the eyes on each 


side from the vertex to the mentum so that the outside corners of the 


scale ~ 


head appear white-scaled. 

Thorax: Anterior pronotal lobes clothed with pure, white scales. 
Mesonotum dark brown with a vestiture of curved, narrow dark scales 
and with a line of white scales on each side, arising above the root of 
the wings and extending forward to the level of the anterior margin 
of the paratergite. Scutellum and postnotum concolorous with the 
sonotum. Pleura dark brown (concolorous with mesonotum) on 


1r¢ 
the lower two-thirds. <A line of white 


upper third, pale vellowish on 


EXPLANATION OF PLATE XVI 
U’ranotaenia t phlosomata I 

Dorsal and ventral views of hea Fic. 147 
rothorax r 148. Larva. Lateral hair 


il 1e\ ol pl I 
nt I] Fic. 149. Larva sateral view 
150. Pup lrumpet FIG 151. Male terminalia Latera 
tv le Fic. 152. Male terminal Ninth tergite Fic. 153 
Dorsal } pl I] me Fic. 154. Male termina 
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utting across the upper third of the sternopleura. Coxae 
with pate hes of white, almost transparent scales. Trochanters 
rest of the legs uniformly dark brown. Wing-scales dark 
a, subcosta and first vein, pale, almost transparent, on other 
except for a line of pure white scales along the bases of the fifth 
Abdomen: Dark brown above, pale below. 
Male.—-Coloration of the female. Secondary sexual characters 
quite pronounced; antennae plumose, shorter than the proboscis, 
individual segments shorter than in the female, except for the last two 
which are longer. Midfemora swollen. Midtarsal claws unarmed and 
, one very long and stout, the other much shorter and slender. 
terminalia (Plate V): Basistyle conical, longer than wide. 
lobe triangularly produced toward outer border, with a clump 
of three long hairs on inner border, one long hair on upper border and a 
ller ones along the triangular projection. Dististyle (fig. 48) 
about three-fifths the length of the basistyle ending in a heavy beak-like 
point; ventral border conspicuously swollen on outer half; vestiture 
of a few small hairs from conspicuous rounded insertions; appendiculate 
ine inserted just before the tip, bifurcate at apex. Lateral plates of 
phallosome (figs. 50 and 51) divided, sternal arm a plate bent 
larply outwardly at apex, ending in a narrow comb of three sharp 
teeth, the middle one being heaviest and longest; the arm bears at about 
the middle a curved, heavily sclerotized, broad, claw-like tooth directed 


nally and outwardly. Tergal arm a deeply excavated semi- 


( 
] 
lew small 


1 


cylindrical plate. Ninth tergite (fig. 49) with the basal margin quad- 
rately emarginate, apical margin shallowly concave, lobes wide apart, 
horn-like, curved, pointed. 
Immature Stages._Unknown. 
Type Material. Holotype male: David, Province of Chiriqui, 
Republic of Panama, XII.13.52. Allotype female: El Real, Province 
) 


of Darien, R. de P., 11.19.53. Paratypes: seven males with the follow- 
ing data: Patino Point, Darien, R. de P., VII.10.52; Tocumen, Province 
of Panama, R. de P., [X.23.52; David, Chiriqui, R. de P., XII. 15.52; 
El Real, Darien, R. de P., VII.20.52, VII-20-52; VII.21.52; II. 19.53. 
All ty pt material] captured in light traps and to be deposited in the 
United States National Museum. 

Taxonomic Discussion.—This species is characterized in the adult 
tage by the large eye border of white scales on each side of the head, 
which extends from the vertex to the mentum and by the coloration 
of the pleura. It belongs in the pallidoventer-series discussed in the 
introduction. It may be separated from all the species of the series 
by the occipital and pleural markings described above, and by the mal 
terminalia characters brought out in the key. 


Uranotaenia leucoptera (Theobald 


1 


Anisochelomyia leucoptera Theobald, 1907. Mon. Culic., 4, p. 575 
Uranotaenia leucoptera, Bonne & Bonne-Wepster, 1923. Ins. Ins. Mer 
Uranotaenia leucoptera, Dyar, 1928. Mosq. Amer., p. 416 
Uranotaenia leucoptera, Edwards, 1932. Gen. Insect., fasc. 194, p. 98 


Uranotaenia leucoptera M irti 1935 Mo Mex I 29 
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Female._-Head: Proboscis slightly longer than fore-femur, dark. 
Palpi very small, barely as long as the clypeus, dark. Tori yellowish 
brown, darker on inner border. Antennae longer than the proboscis, 
dark. Occiput and vertex largely covered with snowy white scales, 
except for two dark spots bordering the eye at the extreme corners of 
the head. A tuft of long white scales projects over the head from th« 
center of the vertex. 

Thorax: Anterior pronotal lobes with a vestiture of snowy white 
scales. Mesonotal integument dark brown with two narrow light 
stripes that extend from above the roots of the wings to the anterior 
border of the scutum; vestiture of narrow, curved, dark scales and a line 
of broad, flat white scales arising on each side above the root of the 
wing and extending forward to the scutal angle. Scutellum dark- 
scaled. Pleura dark brown, scaleless. Coxae and trochanter brownish, 
rest of the legs dark-scaled. Wings white scaled, except for a large 
spot of dark scales extending along the basal two-thirds of the costa 
and involving the subcosta and first vein. There is also a short line of 
white scales at the extreme base of the costa. 

Abdomen: Abdominal tergites dark-scaled with the following 
markings of white scales: First and second tergites with very large, 
median, quadrate patches; third and fourth with large, median, tri- 
angular patches, the apex of the triangle pointing anteriorly, and a 
small round dark spot at the base of the triangle; fifth and sixth with 
small, median basal patches; seventh largely white-scaled except for a 
smail apical median triangle of dark scales. Venter pale-scaled. 

Male.—Coloration of the female. Secondary sexual characteristics 
quite pronounced; antennae plumose, shorter than the proboscis; 
individual segments smaller than in the female, except the last two 
which are longer. Midfemora swollen, midtarsal claws unarmed and 
unequal, one very long and stout, the other very short, almost obsolete. 

Male terminalia (Plate VII): Basistyle conical, longer than wide. 
Basal lobe narrowly and triangularly produced toward outer border, 
bearing a clump of four hairs from sclerotized bases at inner margin 
and a few scattered ones along triangular projection. Dististyl 
(fig. 67) about four-fifths the length of the basistyle, ending in a small 
beak-like tip; ventral margin not conspicuously swollen; appendiculate 
spine inserted just below the beak with shallowly forked apex. Lateral 
plates of the phallosome (figs. 66 and 68) divided, sternal arm a weakly 
sclerotized lobe with frayed apex, bearing subapically a narrow, long, 
heavily sclerotized claw-like tooth directed outwardly. Tergal arm 
a rounded plate, bearing apically two short curved teeth which differ 


widely in appearance in different preparations according to the orienta 
tion of the specimen. Ninth tergite (fig. 69) with the basal margin 
quadrately emarginate, apical margin shallowly concave; lobes knob- 


like, set wide apart 

Larva (Plate VII).—Head capsule dorsally ye 
with a broad median dark stripe and with dark spots on the postero- 
lateral corners. Antennae sparsely spiculate, antennal hair inserted 
on outer border, below the middle. Head hairs (fig. 61) as follow 
No. 4 a multiple tuft (over six-haired) about two-thirds the length of 
No. 6; Nos. 5 and 6 the usual thick, simple spines; No. 7 a thick, stiff 


llowish, ventrally 





154 Annals Entomological Society of America |Vol. 47 


three-branched tuft; No. 8 single; No. 9 a long five-branched tuft; 
No. 10 single and small; No. 11 a multiple tuft; No. 13 a long, multiple 
tuft, longer than No. 6. 

Prothoracic hairs (fig. 62) as follows: Nos. ! and 2 long and single; 
No. 3 a multiple tuft, slightly less than half as long as No. 1; Nos. 4 
and 7 double; Nos. 5 and 6 single; No. 15 single. Lateral abdominal 
hair No. 6 on segments I and II double (fig. 63). Lateral plate of 
eighth abdominal segment bearing on its posterior border four subequal, 
acutely pointed, very weakly fringed spines. Air tube (fig. 64) four 
times as long as its basal width, very slightly tapering from base to 


apex, with two dark brown bands, one subbasal and one subapical and 


bearing from eight to twelve nearly obsolete pecten teeth running 
on basal half of tube and followed by a multiple tuft. Anal segment 
long and narrow; plate ringing the segment and fringed on posterior 
border; hair No. 1| in six. 

Pupa (Plate VII).-Pupal integument yellowish brown with broad, 
darker bands across abdominal segments II and VII. Pupal trumpets 
(fig. 65) short, cup-shaped, greatly flared at tip; slightly over one-half 
the length of the paddles; tracheoid area rather obsolete, occupying 
about one-fifth the total length of the trumpet; pinna large, about 
one-third the length of the trumpet; trumpet with an additional small 
triangular opening or ‘“‘window”’ just below the pinna. Outstanding 
abdominal setae as follows: Hair No. 2 a moderately long, conspicuous 
multiple tuft on segments II, III and IV, becoming gradually weaker, 
shorter and with fewer branches on segments V, VI and VII. Hair 
No. 5 a multiple tuft as long as No. 2 on segment IV; on segments V 
and VI it is also multiple and of same size as No. 2. On segment VII 
hairs Nos. 4 and 5 appear as very dark and multiple tufts, much more 
prominent than the same hairs on segment VI. Paddles globose, 
inflated on inner border; midrib prominent for two-thirds the length of 
the paddle, nearly obsolete at tip; apical half of paddle serrate, serrations 
more numerous on outer border. 

DistributionThis species was described from British Guiana 
and has been found as far North as Southern Mexico (Martini, 1935) 
but Lane (1943) failed to find it in Brasil. In Panama it is rather 
rare, appearing in collections made near the marshlands of both coasts. 
Our records show it to be present in the provinces of Darien, Panama, 
Colon, Bocas del Toro and the Canal Zone. 

Bionomics._All the adults taken by us have been captured in light 
traps set near extensive fresh water marshes. Larvae have been 
found at the extreme edges of these marshes both in the open or in the 
presence of aquatic vegetation such as the sedge Fuirena umbellata 
The larvae, although never abundant, appear to reach a peak during 
the rainy season. 

Taxonomic Discussion.The presence of numerous white. scales 
on the occiput places this species close to nataliae and hystera from 
which it may be separated by the characters given in the keys. The 
larva of leucopltera 1s peculiar in that the pecten teeth are very weak 
so that they can hardly be made out even under the compound 
microscope. 
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Uranotaenia lowii Theobald 


‘ranotaenia lowitit Theobald, 1901 Mon. Cul., 2, p. 339 

‘'ranotaenia continentalis Dyar and Knab, 1906. Jour. New York Ent. So« 
‘ranotaenia minuta Theobald, 1907. Mon. Cul., 4, p. 559 

‘ranotaenia lowit, Howard, Dyar and Knab, 1917. Mosq. No. Cent 

W. I, 4, p. 911. 

‘ranotaenia continentalis, Howard, Dyar and Knab, 1917. Mosq. No. Cent 

& W.1., 4, p. 914 

‘ranotaenia monilis Shannon and Del Ponte, 1927. Re nst. Bact. Buenos Aire 
5: 84. 

‘ranotaenia lowtt, Dyar, 1928. Mosq. Amer., p. 425 

‘ranotaenia lowiit, Edwards, 1932. Gen. Insect., fas¢ 

‘ranolaenia lowti, Lane, 1939. Cat. dos Mosq. Neotr., 

‘ranotaenia lowit, Lane, 1943. Rev. de Ent., 14: 149 

‘ranotaenia lowti, Pratt, 1946. Ann. Ent. Soc. Amer., 39: 581 

Female.-—Head: Proboscis about the same length of fore femur 
swollen toward apex, dark. Palpi very short, barely as long as the 
clypeus, dark-scaled. Tori and clypeus dark brown. Antennae 
longer than the proboscis, dark except for base of third antennal segment 
which is yellow. Occiput clothed with dark flat scales which give a 
slight metallic greenish-blue reflection and a band of bluish scales 
on each side, that arises above the anterior pronotal lobes and meets 
the eye at.about the center of its dorsal surface, continuing along the 

; = : 
eye border*to the center of the vertex. 

Thorax: Anterior pronotal lobes with a broad stripe of bluish 
scales. Mesonotum ochre-yellow, except for three central dark bands 
which coalesce on posterior half, and two dark spots above the roots 
of the wings; vestiture of narrow dark scales and two short lines of 
bluish white scales that arise above the roots of the wings and do not 
exceed the anterior margin of the paratergite. Pleura yellowish 
except for dark spots which cover the upper half of the sternopleura 
and which appear crossed by a stripe of bluish scales. Coxae pale with 
bluish white scales. Femora and tibiae with small white spots at apices. 
Fore and midtarsi with evanescent white markings on third, fourth 
and fifth segments; hind tarsi with half of the third, all of the fourth 
and fifth segments white. Wing-scales dark, except for short lines of 
bluish white scales along the stem vein and the base of the fifth vein. 

Abdomen: Dark, except for large lateral triangular apical spots of 
bluish scales on segments III, V and VI. 

Male.—Coloration of the female. Secondary sexual character: 
reduced: antennae as in the female; midtarsal claws unequal 

Male terminalia (Plate VIII): Basistyle conical, somewhat longer 
than wide. Basal lobe well defined and without the long, narrow, 
triangular projection toward the outer border so commonly seen in 
other Panamanian species of the genus; vestiture of some ten to fourteen 


long, subequal hairs arising from heavily sclerotized bas Dististyle 
(fig. 76) short and broad, between one-half and two-thirds the length 
of the basistyle, with rounded tip, covered with fine pile and bearing 
a clump of short, stout, heavily sclerotized teeth on distal third, par 
ticularly concentrated on inner border. Ninth tergite (fig. 78) with 


basal border deeply emarginate; lateral corners produced into two knob- 


like processes. Lateral plates of the phallosome (figs. 75 and 77) 
divided; sternal arm a simple, narrow, acutely pointed rod, barel 
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reaching the outer third of the capitate appendage of the tergal arm; 
latter with two appendages, a long rod-like one with capitate tip, 
arising from the ventral inner margin and a shorter curved process 
arising from the upper inner margin and bearing near the base a few 


small, straight, hardly discernible spines. 

Larva (Plate VIII)..-Head capsule dark brown to black. Antenna 
short, slightly tapering from base to apex, spinulate. Antennal hair 
inserted well before the middle and on the outer aspect of antenna. 
Head hairs (fig. 70) as follows: No. 4 a three- to four-branched, rather 
weak tuft about two-thirds as long as No. 6; Nos. 5 and 6 the usual 
thick, frayed, single spines; No. 7 a four- to six-branched tuft; No. 8 
single; No. 9 a three- to four-branched tuft; No. 10 single; No. 11 a 
six- to eight-haired tuft; No. 13 with three or four branches, and short, 
about half as long as No. 6. 

Prothoracic hairs (fig. 71) as follows: Nos. 1 and 2 single and long; 
No. 3 a six-haired tuft well over half the length of No. 1; No. 4 double 
or triple; No. 5in threes; No. 6 single; No. 7 with three or four branches; 
No. 14 single. Abdominal hair No. 6 of segments I and II double 
(fig. 72). Lateral plate of exghth abdominal segment bearing from 
seven to nine fringed, very slightly subequal teeth. Air tube (fig. 73) 
about four times as long as its basal width, with nearly straight sides 
and bearing from 10 to 17 pecten teeth not reaching the middle of the 
tube; subventral tuft inserted just beyond the pecten and before the 
middle of tube. Anal segment not much longer than wide; anal plate 
ringing the segment; fringed along posterior border. Hair I a six- 
haired tuft. 

Pupa (Plate VIII).-Integument light colored except for darker 
spots along the border of the cephalothorax and along the midline 
of the abdomen on segments III, IV and V. Pupal trumpets (fig. 74) 
tubular, slightly flared at tip, slightly over two-thirds the length of the 
paddles; tracheoid area occupying slightly less than half the length 
of the trumpets; pinna V-shaped, about one-third as long as the 
trumpet. Outstanding abdominal setae as follows: No. 2 a moderately 
long, conspicuous multiple tuft on segments II, III and IV, with fewer 
branches but of same length in segments V, VI and VII. Hair No. 5 
a four-haired tuft of same length as No. 2 on segments IV and V and 
somewhat shorter than No. 2 on segments VI and VII. Paddles 
as in LU’. apicalis but somewhat more elongate. 

Taxonomic Noltes.Uranotaenia lowii Theob. is closely related 
to orthodoxa Dyar, briseis Dyar, paludosa n. sp. and telmatophila n. sp., 
as shown by the reduced secondary sexual characters in the antennae 
and midtarsi of the male and by characters in the dististyle. 

Distribution—-The species occurs throughout tropical America 
as far north as the Gulf States of the United States and as far south as 
Argentina. In Panama it is widespread in the lowlands where at times 
it is one of the commonest culicines found in larval and light trap 
collections. 

Bionomics.-The adults have never been observed in Panama 
biting warm blooded animals; they are readily attracted to light, con- 
stituting one of the commonest Uranotaenia in light trap collections. 
Pratt (1946) reports finding adults in copula end to end resting on 
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Lemna fronds and other aquatic vegetation on the surface of its breeding 
place. Larvae are commonly found in bodies of water fully exposed 


to the sun, usually with some aquatic vegetation, particularly in the 
large lowland swamps of both coasts, where they are commonly associ- 
ated with the larvae of Anopheles albimanus Wied. The larvae may be 
found throughout the year but show two peaks of abundance, one 
which is the highest—at the beginning of the rainy season, and on 
toward the end of the rainy season. 


Uranotaenia nataliae Lynch Arribalzaga 
Uranotaenta nataliae Lynch Arribalzaga, 1899. Rev. Mus. La Plata 


Uranotaenia nataliae, Theobald, 1901 Mon. Cul., 2, p. 252 


Pseudouranotaenia rowlandi Theobald, 1905. Jour. Econ. Biol., | 

Uranotaenia noctivaga Neiva e Pinto, 1922. Braz. Med., 36: 374 

‘ranotaenia argentina Petrocchi, 1923. Rev. Inst. Bact. Buenos A 

‘ranotaenia capitis Shannon and Del Ponte, 1927. Rev. Inst. Bact 

5: 85. 

‘ranotaenia nataliae, Dyar, 1928. Mosq. Amer., p. 417 

‘ranotaenta nataliae, Edwards, 1932. Gen. Insect., fasc. 194, p. 99 

‘ranotaenia nataliae, Lane, 1939. Cat. dos Mosq. Neotr., p. 36 

‘ranotaenia nataliae, Lane, 1943. Rev. de Ent., 14: 147 

‘ranotaenia nataliae, Floch et Abonnenc, 1947. Pub. no. 148, Inst. Past. de la Guy 

Female.—Head: Proboscis longer than fore femur, swollen toward 
tip, dark. Palpi barely as long as the clypeus, dark. Tori yellow; 
clypeus brown. Antennae slightly shorter than the proboscis, dark. 
Occiput and vertex solidly clothed with broad flat snowy white scales, 
except for three small spots of dark scales, one in the center of the 
occiput near the nape, and one each at the extreme outer corners of 
the upper surface of the head bordering the eye. 

Thorax: Anterior pronotal lobes with a vestiture of flat broad, 
pearly blue scales. Mesonotum dark brown, clothed with narrow, 
curved, dark scales and a stripe of pearly blue scales on each side, 
arising above the root of the wing and extending just beyond the level 
of the anterior border of the paratergite. Pleural integument dark 
brown except for large light color spots on the posterior pronotum and 
mesepimeron in line with a broad stripe of pearly blue scales which 
cuts across the upper third of sternopleura. Scutellum dark-scaled 
Legs entirely dark except for coxae and trochanters which are yellowish. 
Wings dark-scaled except for the following markings of pearly blue 
scales: a spot at the middle of the wing involving the costa, subcosta 
and first vein; a second spot involving the costa, the tip of the first vein 
and both branches of the second vein; a third spot involving the base 
of the third vein; a fourth spet involving the base of the upper branch 
of the fifth vein; a line of pearly blue scales extending over more than 
half the length of the main stem of the fifth vein; a line of pearly blue 
scales covering the basal two-thirds of the sixth vein; a line of pearly 
blue scales covering the basal four-fifths of the lower branch of the 
fifth vein; a line of biue scales at the tip of both branches of the fourth 
vein and slightly more than the apical third of the third vein; a few 
pearly blue scales on the stem vein. 

Abdomen: Dark-scaled above, pale below 

Male Coloration of the femal Secondary sexual! characters 
quite pronounced; antennae densely plumose; antennal segments 
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shorter than in the female, except for the last two which are longer. 
Mid femora swollen, fourth midtarsal segment shorter than the fifth; 
midtarsal claws unarmed and markedly unequal, one very long and 
tout, the other very short, almost obsolete; hind tibiae with several 
rows of very long, stiff, outwardly directed hairs on distal half which 
begin at about the middle of the segment and continue almost to tip. 

Male terminalia (Plate [X) sasistyle conical, longer than wide. 
sasal lobe broadly and triangular; produced toward outer border, 
with four hairs on inner border and a few scattered ones along the 
triangular projection. Dististvle (hg. 84) short and stout about three- 
fifths the length of th basistyle ending in a beak-like point; ventral 
border conspicuously swollen on outer third; vestiture of a few small 
hairs from conspicuous rounded insertions; appendiculate spine inserted 
just below the tip with bifurcate apex. Lateral plate of the phallosome 
(figs. 86 and 87) divided; sternal arm a sclerotized. erect, narrow, pointed 
plate bearing at about the middle a heavy, claw-like tooth, directed 
outwardly. Tergal arm bi aring two heavily sclerotized, curved. claw- 
like teeth from a long and narrow base. Ninth tergite (fig. 85) with the 
basal margin deeply emarginate; lobes wide apart, slenderly knob-like. 

Larva (Plate IX).—Head capsule yellowish. Antennae with 
spicules; antennal hair inserted on outer border and at basal third. 
Head hairs (fig. 79) as follows No. 4 a very weak three-haired tuft. 
about two-thirds the length of No. 6; Nos. 5 and 6 the usual strong, 
single, frayed spines; No. 7 with five branches; No. 8 single: No. 9 
triple; No. 10 single: No. 11 a six-haired tuft: No, 12 single; No. 13 a 
very small, inconspicuous four-haired tuft. 

Prothoracic hairs (fig. 80) as follows: Nos. 1 and 2 long and single: 
No. 3 a multiple tuft less than half as long as No. 1; Nos. 4 and 7 
double; Nos. 5 and 6 single; No. 14 single, rarely double. Abdominal 
hair No. 6 on segments I and II triple (fig. 81). Lateral plate of the 
eighth abdominal segment bearing a row of six or seven very broad, 
acutely pointed, unfringed spines. Air-tube (fig. 82) three times the 
length of its basal width, bearing nine to eleven pecten teeth which 
run along basal half of tube and are immediately followed by a 
multiple subventral tuft. Anal segment somewhat longer than wide, 
ringed by the plate which is fringed along its posterior border: hair 
No. 1 multiple. 

Pupa (Plate IX).—Integument yellowish except for abdominal seg- 
ments VI and VII and parts of V and VIII as well as the borders of 
the cephalothorax which are dark brown. Trumpets (fig. 83) short 
and stumpy, three-fourths the length of the paddles, with very irregular 
apex, the inner side being evenly rounded and the outer face ending 
in a broad spur. Tracheoid area occupying slightly less than one-third 
the greatest length of the trumpet; pinna very large, almost two-thirds 
the length of the trumpet Outstanding abdominal hairs as described 
for apicalis except for hairs Nos. 2 and 5 on segments IV to VII which 
are less conspicuous, hair No. 5 being multiple on segment VII. 
Paddles as in apicalis 

Distribution. The species was described from Argentina and has 
been found as far north as Honduras (Galindo, Trapido and Boshell, 
coll.). In Panama it is regularly picked up in light traps throughout 
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the year 1n the lowlands of both coasts. We have records from th 
provinces of Darien, Panama, Colon, Cocle, Chiriqui, Bocas del Toro 
and the Canal Zone. 

Bionomics.—Nothing is known of the habits of the adult. The 
larva is described here for the first time. It occurs in large, open 
swamps among abundant growth of aquatic vegetation, such as Pistia 
and different species of sedges. It may be found sporadically through 
out the year but reaches a peak of abundance soon after the onset of 
the rains. 

Taxonomic Discussion—This is one of the most striking and inter 
esting of the American Uranotaenia. Lane (1943) described the male 
for the first time and noted secondary sexual characters in the mid- 
tarsi, which have the fourth segment shorter than the fifth; besides 
this, we have also noted additional secondary sexual characters on the 
hind tibiae of the male which bear several rows of very long, stiff, 
outwardly directed hairs arising at about the middle of the segment 
and continuing almost to the apex. 

The color pattern of the wing is quite variable, a fact which has 
given rise to a number of synonyms, since these color variations cannot 
be associated with other morphological characters nor with geographical 
distribution. 

Uranotaenia orthodoxa Dyar 
‘ranotaenia oxthodoxa Dyar, 1921. Ins. Ins. Mens., 9: 118. 
‘ranotaenta orthodoxa, Dyar, 1928. Mosq. Amer., p. 420 
‘ranotaenia orthodoxa, Edwards, 1932. Gen. Insec., fasc. 194, p. 99. 
‘ranotaenia orthodoxa, Lane, 1939. Cat. dos Mosq. Neotr., p. 36 
‘ranotaenia orthodoxa, Martini, 1935. Mosq. de Mex., p. 28. 

Female-—Head: Proboscis about the size of fore femur, slightly 
swollen toward tip, dark. Palpi short, about the length of clypeus, 
dark-scaled. Clypeus and tori yellowish. Antennae dark, longer 
than the proboscis. Occiput uniformly clothed with flat round brownish 
scales with some metallic luster and with a conspicuous rounded spot 
of white scales on the center of the vertex. 

Thorax: Anterior pronotal lobes with a patch of silvery scales. 
Mesonotal integument bronzy brown with two darker spots above 
the roots of the wings, clothed with narrow, curved, dark scales and a 
line of silvery scales on each side arising above the root of the wing 
and extending forward almost to the level of the anterior margin of 
the paratergite. Scutellum and postnotum concolorous with meso- 
notum. Pleura pale brown, scaleless. Coxae yellowish with patches 
of white, almost transparent scales. Trochanters yellowish, rest of 
the legs uniformly dark brown. Wing-scales dark except for a line of 
whitish scales which arises on the stem-vein and extends for a very 
short distance along the base of the fifth vein. 

Abdomen: Dark brown above, pale below 

Male.—Coioration of the female and with no secondary sexual 
modifications on antennae or tarsal claws. Terminalia hidden from 
view, so that separation of the sexes is difficult even under the dis- 
secting scope. 

Male terminalia (Plate X): Basistyle conical, somewhat longer 
than wide; basal lobe with a row of stiff hairs on its inner margin and 
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triangularly projected toward outer border of basistyle. Dististyle 
(fig. 88) short and stout, about three-fifths the length of the basistyle; 
inner border greatly distended; vestiture of short, fine pile and scattered 
small hairs from conspicuous circular insertions; a clump of four heavy 
teeth at apex. Phallosome (figs. 89 and 90) simple; sternal arm ending 
in a beak-like point, tergal arm a plate bearing near its apical border 
a fine, closely appressed tooth. Basal border of the ninth tergite 
(fig. 91) with a rather deep, rounded emargination; lobes nearly obsolete, 
flat, closely appressed to the tergite. 

Immature Stages.—-Unknown. 

Taxonomic Notes.—The male is described here for the first time. 
It shows undoubted relationship with lowii Theob., briseis Dyar, 
paludosa n. sp., and telmatophila n. sp. as shown by the marked reduction 
in secondary sexual modifications and by characters in the dististyle. 

Distribution—This species was described from Costa Rica from 
two females. Martini (1935) reported it from Mexico. Our material 
consists of six males and five females taken in light traps in the vicinity 
of Almirante, Bocas del Toro Province, Republic of Panama. The 
immature stages remain unknown. 


Uranotaenia pallidoventer Theobald 


ranotaenta pallidoventer Theobald, 1903. Mon. Cui., 3, p. 300 
‘ranotaenta pallidoventer, Bonne and Bonne-Wepster, 1925. Mosq. Sur., 
ranotaenia pallidoventer, Dyar, 1928. Mosq. Amer., p. 419 
‘ranotaenta pallidoventer, Edwards, 1932. Gen. Insect., fas. 194, p. 99 
‘ranotaenia pallidoventer, Lane, 1939. Cat. dos Mosq. Neotr., p. 37 
ranotaenia pallidoventer, Floch et Abonnenc, 1937. Inst. Past. Guy. et Terr 
Inini, pub. no. 148 
Female._-Head: Proboscis dark, somewhat longer than the fore 
femur, slightly swollen toward tip. Palpi dark, very short, barely 
as long as the clypeus. Tori yellowish brown. Antennae dark, longer 
than the proboscis. Occiput clothed with flat, round bronzy brown 
scales with some greenish reflection and a few erect narrow ones. There 
is a stripe of bluish white scales which arises on each side above the 
antenor pronotal lobes, cuts across the upper surface of the head 
meeting the eye-border at about half the distance from the vertex to 
the mentum, and joins a spot of concolorous scales on the vertex. 
Thorax: Anterior pronotal lobes clothed with pearly blue scales 
Mesonotum yellowish brown with a vestiture of narrow, curved, dark 
scales and a line of pearly blue ones which arises on each side above 
the root of the wing and extends forward to the level of the anterior 
margin of the paratergite. Scutellum concolorous with the meso- 
notum. Pleura brown with a darker spot on the upper third of sterno- 
pleuron, centered by a stripe of pearly blue scales. Coxae pale with 
a vestiture of flat bluish almost transparent scales. Trochanters 
pale; rest of the legs uniformly dark brown. Wing-scales dark except 
for a very short line of bluish scales on the inner aspect and at the 
extreme base of the costa (at the root of the wing) and a second line of 
bluish scales which arises on the stem-vein, before the humeral cross- 
vein, and extends along the basal half of the stem of the fifth vein. 
Abdomen: Dark brown above, pale below. 
Male.—Coloration of the female. Secondary sexual characters quite 
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pronounced; antennae plumose, antennal segments shorter than in 


the female, except for the last two which are longer. Mid femora 
swollen. Midtarsal claws unarmed and unequal, one very long and 
stout, the other much shorter and slender. 

Male terminalia (Plate X): Basistyle conical, longer than wide. 
Basal lobe with a triangular projection toward the outer border and 
bearing a clump of four strong hairs at its inner margin and several 
smaller ones on the projection. Daististyle (fig. 97) almost as long as 
the basistyle, very slightly swollen on outer half, ending in a beak-like 
point; vestiture of several small hairs; appendiculate spine a simple 
pointed tooth. Lateral plates of the phallosome (figs. 98 and 100) 
divided; sternal arm a smooth narrow, slightly curved, sheath-like 
plate, which looks like a straight tubular structure in dorso-lateral 
view, bearing a sharply-curving claw-like tooth inserted near the 
base. Tergal arm a plate bearing at its apex a long claw-like tooth 
directed basally. Ninth tergite (fig. 99) deeply and triangularly 
emarginate, lobes elevated, knob-like. 

Larva (Plate X).—Head capsule mostly golden brown in color, 
except for a broad mid ventral stripe, small spots behind the antennae 
and large spots behind the eyes of dark brown color. Antennae dark 
brown, spiculate. Head hairs (fig. 92) as follows: No. 4 with two 
or three branches, weak but rather long, about two-thirds as long as 
No. 6; Nos. 5 and 6 the usual thick, frayed, simple spines; No. 7 with 
five branches; No. 8 and No. 10 single; No. 9 long, with three branches; 
No. 11 with about five branches; No. 13 a very small and inconspicuou 
tuft. Prothoracic hairs (fig. 93) as follows: Nos. 1 and 2 single and 
long; No. 3 a multiple tuft slightly less than one-half as long as No. 1; 
No. 4 and No. 7 double; No. 5 and No. 6 single. Lateral abdominal 
hair No. 6 triple on segments I and II (fig. 95). Lateral plate of 
eighth abdominal segment bearing on its posterior border six or seven 
acutely pointed, very weakly fringed, subequal teeth. Air-tube 
(fig. 94) short, scarcely three times as long as the basal width, with a 
dark band on basal half which narrows abruptly toward the ventral 
border of the tube and a dorsal dark spot at apex; pecten consisting 
of some ten teeth running on basal half of tube; subventral tuft inserted 
just before the middle. Anal segment rather broad; anal saddle ringing 
the segment and bearing a fringe of spinules on its posterior border; 
anal hair No. | a five-branched tuft. 

Pupa (Plate X).-Pupal integument yellowish except for the last 
three abdominal segments which appear darker. Trumpets (fig. 96) 
tubular, very slightly flared at tip, about as long as the paddles; 
tracheoid area occupying more than one-half the length of the trumpet; 
pinna broadly V-shaped, one-sixth the length of the trumpet with a 
narrow slit running all the way down into the tracheoid area. Out- 
standing abdominal setae as follows: Hair No. 2 with about five branches 
and moderately long on segment III, with about three branches but 
stronger on segments [IV and V, weaker and shorter and usually doubl 
on segments VI and VII; hair No. 5 similar to No. 2 on segments IV 
and V, stronger and longer than No. 2 on segments VI and VII. 
Paddles as in apicalis. 

Distribution.—From Panama south to Brasil. In Panama _ the 
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pecies has been 1 in the province of Bocas del Toro, 1n 


traps set in deep forest some 12 kms. northwest of Almirante. The 
larvae were found breeding near the Tocumen International Airport 


ht 


in ground pools formed in a recently flooded marshy forest. 


Taxonomic Notes.—-This species was described from a single femal 
in poor condition taken at Para Brasil. Besides our Panama material 
we have examined several specimens from Paramaribo, Surinam, 
kindly sent to us by Dr. Alan Stone of the U. S. National Museum. 
All this material checks very closely with Theobald’s original descrip- 
tion, including the presence of a short line of bluish scales at the extreme 
base of the costa which is characteristic for this species and serves to 
differentiate it from all other American L’ranotaenia except leucoptera 
Theob. This character was clearly described by Theobald as follows 
™ with a patch of azure blue scales 
in front and over the roots of the wings”’ (the italics are ours), but it has 
been overlooked by sub equent workers These bluish scales are 
difficult to see unless examined under the right incidence of light and 
illuminated directly from above, which may account for the fact that 
they were missed by the Bonnes and by Dyar in the Surinam specimens 
in iront of us 

Our colleague, Dr. Graham B. Fairchild, has recently compared 
our material from Panama with Theobald’s type in the British Museum 
and has written to the senior author as follows: ‘‘ Due to complete lack 
of wings on type, comparison of this critical point is impossible. In all 
other ways, so far as I can see, your specimen and the Type agree. 
The type is the only specimen standing under this name in British 
Museum.” 

The species described by Lane (1943) from Matto Grosso under 
the name pallidoventer does not appear to belong here, since the pale 
scales in Lane’s species are white instead of azure blue, and since in 
Lane’s species the occiput is clothed with a large patch of white scales 
which extends from the vertex to the mentum, as in incognita n. sp., 
while in pallidoventer this marking is a small patch above the eyes 
which does not extend much beyond half the distance from the vertex 
to the mentum. 


Uranotaenia paludosa n. sp. 

Female..-Head: Proboscis slightly longer than fore femur, some- 
what swollen toward tip, uniformly clothed with dark brown scales. 
Palpi very short, shorter than the length of the clypeus, dark. Tori 
and clypeus yellowish. Antennae dark, longer than the proboscis. 
Occiput clothed with dark, flat scales; a line of pearly blue scales 
arising on each side above the inner angle of the anterior pronotal 
lobe, cutting diagonally across the head and joining a spot of concolorous 
scales on the vertex. 

Thorax: Anterior pronotal lobes clothed with flat, pearly blue 
scales. Mesonotal integument yellowish brown, with a vestiture of 
narrow, curved, dark scales and with a line of pearly blue scales arising 
on each side above the root of the wing and not reaching the level of 
the anterior margin of the paratergite. Scutellum and postnotum 
concolorous with mesonotum. Pleura yellowish, bare except for a 
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spot of pearly blue, almost transparent scales, on the upper third of the 
sternopleura. Wings dark-scaled with a line of pearly blue scales which 
arises on the stem vein and extends along the basal third of the fifth 
vein. Legs dark except for the coxae and trochanters which are 
vellowish. 

Abdomen: Dark brown above, pale below. 

Male.—Coloration of the female and with no secondary sexual 
characters. 

Male terminalia (Plate V): Basistyle conical, longer than wide. 
Basal lobe prominent, triangularly projected toward outer border, 
clothed with a clump of four or five hairs on inner border and two or 
three on the outer projection. Dististvle (fig. 47) somewhat fusiform 
and ending in a small beak-like point, clothed with abundant pile, par- 
ticularly dense on outer third; appendiculate spine a short pointed 
tooth. Lateral plates of the phallosome (figs. 44 and 45) divided; 
sternal arm narrowly shield-shape with a notch on inner border at 
about the middle and a bud-like spine on outer border at slightly 
before the middle. Tergal arm a plate with an outer subapical mem- 
branous pocket and with its apical border developed into a long, narrow, 
sharply pointed tooth; this plate bears at about the middle a row of 
subequal, curved teeth. Basal margin of ninth tergite (fig. 46) deeply 
and triangularly emarginate; lobes rather large, knob-like, far apart. 

Immature Stages..-Unknown. 

Type Material. Holotype male: Almirante, Bocas del Toro, R. de 
Ps. 2¥.47: 58: Allotype female: Cocle, province ol Cocle, R. de P.., 
XI.20.52. Paratypes: four males from Tocumen, R. de P., 1.29.53 
and II.4.53; two females, one from Pedregal, province of Chiriqui, 
R. de P., XII.13.52; and one from Camaron, province of Panama, 
R. de P., VII.23.52. All types taken in light traps; to be deposited 
in the U. S. National Museum. 

Taxonomic Notes.-This small mosquito can be easily confused 
with briseis Dyar to which it is closely related. Adults may be 
separated from the latter species by the presence of a line of almost 
transparent scales across the upper third of the sternopleura, briseis 
having the sternopleura bare. The male terminalia of paludosa is 
quite characteristic as can be appreciated in the figures. 


Uranotaenia pulcherrima Lynch Arribalzaga 
) 


'ranotaenia pulcherrima Lynch-Arribalzaga, 1891. Rev. Mus. La Plata, 2: 165 

‘ranotaenia pulcherrima, Howard, Dyar and Knab, 1917 (in part Mosq. No 
Cent. Amer. & W. I., 4, p. 908 

‘ranotaenia urania Shannon and Del Ponte, 1928 (in Dyar Mosq. Amer., p. 421 

'ranotaenta pulcherrima, Dyar, 1928 (in part). Mosq. Amer., p. 422 

‘ranotaenia pulcherrima, Edwards, 1932. Gen. Insect., fasc. 194, p. 98 

‘ranotaenia pulcherrima, Lane, 1939. Cat. dos Mosq. Neotr., p. 37 

‘ranotaenia pulcherrima, Lane, 1951. Proc. Ent. Soc. Washington, 53: 334 


Female.—Essentially as in Uranotaenia apicalis Theob., except for 
the mesonotal integument which usually appears darker and with a 
darker median line, and for the presence of a long median line of bluish 
scales on the mesonotum which extends from the anterior border to the 
antescutellar space and which in apicalis is reduced to a small bluish 
spot in front of the antescutellar space. 
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Male terminalia: (Plate XI): As in apicalis except for the tergal 
arm of the lateral plates of the phallosome which lacks the clump 
of three or four teeth at about the middle of the plate present in apicalis, 
and for the spinules or serrations on the outer edge of the tergal arm 
of the lateral plates of the phallosome (figs. 106 and 109) which are less 
abundant and frequently absent in pulcherrima. 

Larva (Plate XI)..-Head capsule black. Antennae short, slightly 
tapering from base to apex, sparsely spiculate; insertion of antennal 
hair quite variable, usually well before the middle. Head hairs (fig. 101) 
as follows: No. 4 four- to six-branched; Nos. 5 and 6 the usual thick, 
simple, frayed, spines; No. 7 six- to eight-branched; Nos. 8 and 10 
single; No. 9 with five branches; No. 11 with six to eight branches; 
No. 13 five- to eight-haired, fan-shaped. 

Prothoracic hairs (fig. 102) as follows: Nos. 1 and 2 long and single; 
No. 3 a multiple tuft less than one-half the length of No. 1; Nos. 4 
and 5 triple; No. 6 single; No. 7 with four or five branches; No. 14 a 
three- to six-haired tuft. Hair No. 6 of abdominal segments I and I] 
triple (fig. 103). Lateral plate of the eighth abdominal segment with 
five to eight unfringed, acutely pointed spines, the central ones being 
much longer than the others. Air-tube (fig. 104) slightly over three 
times the greatest width with nearly straight sides, bearing nine to 
eleven pecten teeth, not reaching middle of tube. A multiple sub- 
ventral tuft inserted beyond the middle of the tube and just beyond 
the pecten. Anal segment almost as broad as it is long; fringed on 
posterior border; hair No. 1 with nine to eleven branches. 

Pupa (Plate XI).—Integument light colored, except for segmental 
basal dark brown stains on abdominal segments II to V which gradually 
decrease in size apically. Trumpets (fig. 105) tubular and very long, 
about as long or slightly longer than the paddles, hardly flared at apex; 
tracheoid area occupying over half the length of the trumpet; pinna 
discreet, prolonged into a very narrow slit basally, measured from tip 
of trumpet to tip of slit it is less than one-fourth the length of the 
trumpet. Abdominal chaetotaxy and paddles as in apicalis. 

Distribution._-The species has a wide distribution in the American 
Tropics; it has been reported from Mexico south to Argentina. In 
Panama it occurs together with apicalis throughout the marshlands 
of both coasts, but it 1s a much rarer species. 

Taxonomic Discussion-This species was described by Lynch 
Arribalzaga from three specimens taken by Dr. E. L. Holinbert on 
the shores of the Lujan River, Province of Buenos Aires, Argentina 
It is close to apicalis Theobald with which it has been confused. The 
detailed relationship of these two species is fully discussed in this 
paper under L’ranotaenia apicalis Theobald. Lane (1951) has recently 
published a synonymy of neotropical mosquitoes in which he considers 
Uranotaenia urania Shannon and Del Ponte a synonym of pulcherrima 


L-A. 


Uranotaenia socialis Theobald 


l ranotaenta soctalt ‘| heobald, 1901 Mon Cul a Pp. 340. 
Uranotaenia socialis, Howard, Dyar and Knab, 1917. Mosq. No. Cent. Amer. & 
W.I., p. 905 
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‘ranolaenta sapphirinus var. socialis, Dyar and Shannon, 1924. In ns. Mer 
12: 190 

‘ranotaenia sapphirina, Dyar, 1928 (in part Mosq. Amer., p. 420 

‘ranotaenta sapphirina, Edwards, 1932 (in part Gen. Insect., fasc. 194, 

‘ranolaenia sapphirina, Lane, 1939 (in part). Cat. dos Mosq. Neotr., p 

‘ranotaenia sapphirina, Floch et Abonnenc, 1947. Inst. Past. Guy. et Terr. Ini 
pub. no. 148 


I 
3 


Female.—Head: Proboscis about same length as fore femur, swollen 
toward tip, dark. Palpi short, barely longer than the clypeus, dark. 
Tori yellowish; clypeus brown. Antennae about as long as_ the 
proboscis, dark, except for the base of the third segment which is yellow 
Occiput with a vestiture of flat dark brown scales; a broad line of blue 
scales on each side arising above the anterior pronotal lobes, pre weeding 
anteriorly to the center of the dorsal surface of the eyes, bending 
sharply inward along the eye border and coalescing with a large spot 
of blue scales on the center of the vertex. 

Thorax: Anterior pronotal lobes clothed with blue scales. Meso- 
notal integument yellowish brown with a darker central line; vestiture 
of small, narrow, dark scales, except for a central narrow line of blue 
scales which extends from the anterior border of the scutum to the 
antescutellar space, and a short line of blue scales on each side, arising 
above the root of the wing and extending forward half the distance to 
the anterior border of the scutum. Scutellum with a large patch of 
blue scales on the mid lobe. Pleura: yellowish, except for a dark broad 
stripe cutting across the upper third of the sternopleura, partly covered 
by a narrower band of bluish scales. Coxae and trochanters yellowish; 
rest of the legs dark, except for a large white apical spot on all femora 
and tibiae particularly prominent on hind legs. Wing mostly dark, 
with a short line of blue scales along the basal half of the main stem of 
the fifth vein and a spot of blue scales on the stem vein. 

Abdomen: Abdominal tergites dark, except for narrow apical white 
bands on segments III and V. Venter pale. 

Male.-Coloration of the female. Secondary sexual characters 
quite pronounced; antennae plumose, antennal segments shorter than 
in the female except for the last two which are longer; mid femora 
swollen; mid tarsal claws unequal. 

Male terminalia (Plate XIII): Basistyle conical, longer than wide 
Basal lobe triangularly produced toward outer border, with a group 
of four large and a few smaller hairs on the inner border and a few 
scattered small hairs on triangular projection. Dististyle (fig. 124) 
almost as long as basistyle, stout, ending in a beak-like point; ventral 
border slightly to moderately swollen on outer half; vestiture of 
scattered, small, fine hairs from rounded insertions; appendiculate 
spine inserted just before the tip, with pointed apex. Lateral plates 
of the phallosome (figs. 126 and 127) divided; sternal arm ending 
in a membranous rounded bulb bearing subapically a stout, heavily 
sclerotized, beak-like tooth directed outwardly. Tergal arm a 
roundedly rectangular plate bearing on the inner surface two short 
heavy teeth, one inserted at the sternal upper corner and the other 
arising from the sternal border at about the middle; on the outer 
surface of the place there are some eight or nine short, straight, heavy 
teeth. Ninth tergite (fig. 125) with the basal border deeply and tri- 





Annals Entomological Society of America [Vol. 47 


e; lobes set close together, large, nearly rectangular, 


ique upper surfaces; interlobar space smaller than width 


Larva (Plate XIII).—-Head capsule dark brown to black. Antennae 


+ 


tapering from the base to apex, spiculate; insertion of antennal 


I i 


variable, usually well before the middle, but occasionally near 


Head hairs (fig. 119) as follows: No. 4 double or occa- 
triple, almost as long as hair No. 6; Nos. 5 and 6 the usual 

imple, frayed spines; No. 7 four- or five-branched; Nos. 8 and 10 

rarely double; No. 9 with four or five branches; No. 11 a six- to 
it-branched tuft and very long; No. 13 four- or five-branched, as 

g as No. 6, fan-shaped. 

Prothoracic hairs (fig. 120) as follows: Nos. 1 and 2 long 
No. 3 with eight or ten branches, less than half the length of No. 1; 
No. 4 double or triple; No. 5 double; No. 6 single; No. 7 triple; No. 14 
with six or seven branch« ‘Abdominal hair No. 6 of segments I and I] 
triple (fig. 121). Lateral plate of eighth abdominal segment with five 
or six fringed spines on posterior border, those at the center longest. 
Air tube (fig. 122) four times as long as its basal width; eight to ten 
pecten te th not reaching th middle of the tube, followed by a sub- 
ventral tuft inserted before the middle. Anal segment almost as wide 
is it is long, with saddle fringed on posterior border; hair No. 1 a six- to 
eight-haired tuft. 

Pupa (Plate XIII] Integument uniformly light colored. Trumpets 
(fig. 128) tubular, not flared at tip but tapering rather abruptly on 
outer third; tracheoid area occupying slightly more than one-half the 
length of the trumpet; pinna discreet, narrowly U-shaped, one-fifth 
the length of the trumpet. Outstanding abdominal setae as follows 
No. 2 a conspicuous multiple tuft on segments II to IV, gradually 
decreasing in size on segments V, VI and VII; No. 5a very long two- or 
three-haired tuft, longer than No. 2, on segments V, VI and VII. 
Paddles as in lL’. apicalis. 

Taxonomic Discussion.__Uranotaenia sapphirina was described by 
Osten Sacken in IS6S as Aedes sapphirinus, from material collected 
in Washington, D. C., and Brooklyn, N. Y. In describing the meso- 
notum of his species, Osten Sacken said: “. . a metallic blue longi- 
tudinal line along the middle of the thorax reaches the scutellum.”’ 

In 1901, Theobald described a similar species from Jamaica under 
the name socialis and in describing the thorax of his species said 
rf a median row of small flat blue scales ending before the bare 
pace in front of the scutellum.”’ 

Howard, Dyar and Knab (1917) recognized the two species as 
distinct, separating them in their key as follows 


Blue line extending the whole length of mesonotun 
sapphirinus Osten Sacker 
ld”’ 


Blue line ending a intescutellar pace socialis Theobal 

Dyar and Shannon (1924), in discussing the American species of 
Uranotaenia, stated under Uranolaenia sapphirinus Osten Sacken 
‘The form socialis, with the median mesonotal blue line broken, we 
consider to be of not more than varietal rank,”’ but gave no reasons for 
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their opinion. Dyar (1928) abandoned the name soctalis includins 
it as a straight synonym of sappharina O. S. 

In comparing reared material of ‘“‘sapphirina”’ from Panama with 
reared specimens collected by Dr. W. C. Reeves and the senior author 
in Norfolk, Nebraska, U.S.A., we were impressed by the marked 
difference in the size and shape of the pupal trumpets, the Panama 
specimens showing a short trumpet abruptly tapering toward the tip 
while Nebraskan pupae have a long trumpet shightl flared at th aper 
similar to the pupa of sapphirina illustrated b , Dyar and 
Knab (1912). <A careful examination of Panamanian a howed 
that all 42 specimens in our collection have the n mesonotal 
stripe interrupted at the antescutellar space, while specimens examined 
from Nebraska, New York, Maryland, the District of Columbia and 
Louisiana, kindly furnished by Dr. Alan Stone, all show this median 
stripe reaching the scutellum. There also appears to be a difference 
the extent of the blue marking along the stem of the fifth wing 
In northern specimens the blue scales run along well over half the 
distance between the base and the fork of the vein, while in southern 
specimens these scales occupy half or less of this spac The larva 
of the two forms also appear to differ, northern specimen howing 
seven to ten comb-scales on the eighth abdominal segment 
to fifteen pecten teeth on the air-tube, while southern larv: 
five or six comb-scales and eight to ten pecten tet th 

An examination of 28 adults collected by Galindo, Trapido and 
Boshell in Lake Yojoa, Honduras, shows that all these specimens have 
the median blue mesonotal stripe interrupted at the antescutellar 
space and a short line of blue scales along the fifth wing-vein, thu 
resembling Panamanian specimens and _ differing from northern 
sapphirina. 

In view of the fact that the differences in mesonotal and 
markings between neotropical and nearctic material appear to 
constant and that they are associated with differences in the 1. 
and the pupa, we consider the neotropical form specifically distinct 
from sapphirina O. S. despite the fact that we have been unable to 
find any male terminalia characters to separate them. Since adult: 
from Honduras and Panama fit very closely the description given b 
Theobald for socialis, we are provisionally reviving the name soctalis 
Theobald to designate what has gone under the name of sapphirina 
O. S. in Middle America, until larvae and pupae are obtained from the 
type locality of socialis to compare them with material from Panama 

Dr. G. B. Fairchild has recently examined, at the request of the 
senior author, the types of socialis Theobald, as well as other material 
labelled ‘‘sapphirina O. S.”’ in the British Museum and writes a 
follows: ‘‘ Uranotaenia socialis Theob. Types: one male and one female 
30th labelled as follows: Red circled type label. Printed label: 111 
Jamaica, Dr. Grabham. Theobald’s hand label, Uranolaenia socialis 
(Type) Theobald. There are 2 males and one female in B. M. coll 
with same locality label, but without det. or Type labels, and no othe 


iTVé 


specimens. Condition: female lacks hind legs; male has genitalia 
apparently uncleared in a drop of gum on a bit of cellulose pinned 
below the labels. Comparison: Type. Blue mid-line extends from near 
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front of mesonotum to within about a distance equal to the two basal 
flagellar segments of antennae, to the blue patch on scutellum. Unfor- 
tunatel pin goes thru this area, but the blue line can be seen to stop 
naturally some way before scutellum. Line seems‘bluer and broader in 
Types than in your panamanian specimen. ‘Topotypes agree. Scales 
on vein 5 about one-half length of vein to end of cell in yours, a little 
less in Types. Two females H. W. Kumm collector, Turrialba and 
Finca Canada, Costa Rica, are the only specimens under the name 
‘sapphirina”’ in B. M. coll. Both are like yours in rather slender 
median blue stripe. Actually there is little appreciable difference in 
the length of scaling on vein 5 in Types or any others including yours. 
I would say your female agreed very well with the Type.”’ 

It appears at present that Uranolaenia sapphirina Osten Sacken is 
mainly a nearctic species, it being replaced in the neotropical region 
by socialis Theobald. It is possible that both species may occur 
together in the West Indies, as socialis has been reported from Jamaica, 
Cuba and St. Thomas, while the descriptions and figures of Pratt 
(1943) of the species present in Puerto Rico, show it to be typical 
sap phirina. 


Uranotaenia telmatophila n. sp. 


Female. Head: Proboscis about as long as fore femur, very dark. 
Palpi very short, barely as long as the clypeus. Clypeus dark brown 
to black. Tori pale outside, dark on inner border. Antennae dark, 


longer than the proboscis. Occiput clothed with dark ovoid, flat 
scales with a faint metallic reflection; a stripe of silvery white scales 
arising on each side above the anterior pronotal lobes, cutting forward 


across the head, then bordering the eye for about half the length of its 
dorsal surface and joining a spot of silvery white scales on the center of 


the vertex. 

Thorax: Anterior pronotal lobes clothed with silvery white scales. 
Mesonotum dark brown to black, clothed with curved, ligulate, very 
dark scales and a line of ovoid, flat, silvery white scales arising on 
each side above the root of the wing and extending almost to the scutal 
angle. Scutellum concolorous with mesonotum, dark-scaled. Pleura 
greyish on upper half, paler below; a band of silvery white scales across 
the upper third of the sternopleura. Coxae and trochanters pale. 
Femora dark above, extensively pale below: rest of legs uniformly 
dark-scaled. Wing-scales dark along costa, subcosta and first vein, 
mostly pale-—nearly transparent-—along the other veins, except for a 
line of pure white scales along the base of the fifth vein. 

Abdomen: Dark brown to black above, pale below. 

Male.-Coloration of the female. Secondary sexual characters 
markedly reduced; antennae as in the female; mid tarsal claws unequal 

Male terminalia (Plate XIV): Basistyle conical, almost as broad 
as it is long; basal lobe prominent, with a triangular projection toward 
outer bordé}, bearing a clump of stiff hairs on inner border and a few 
scattered ones on outer projection Dististvle (fig. 134) short and very 
broad, about two-thirds the ‘.ngth of the basistyle, sparsely pilose; 
dorsal border curving towara the apex to end in a prominent beak-like 
point, ventral border distinctly swollen at about the middle; appendicu- 
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late spine rather narrow, pointed. Lateral plates of the phallosome 
(figs. 135 and 136) divided, sternal arm tubular, with jagged apex, 
bearing subapically a heavy, sickle-shaped tooth; tergal arm a quadrate 
plate bearing at apex, on inner corner, a long, heavy, sharply curving 
tooth which points inwardly and basally and a smaller curved, claw-like 
tooth which is directed outwardly and basally. Ninth tergite (fig. 133) 
with basal margin deeply and triangularly emarginate, apical margin 
narrower, slightly concave, with the lateral corners produced into two 
rather broad, prominent, rounded lobes. 

Larva (Plate XIV) —-Head capsule dark brown, slightly paler at 
outer angles. Antennae sparsely spiculate, short and stumpy, some 
what swollen on basal half, antennal hair inserted at about the middle 
at the point where the antenna begins to narrow. Head hairs (fig. 128) 
as follows: No. 4 a weak three- or four-haired tuft, about two-thirds 
the length of No. 6; Nos. 5 and 6 the usual simple, thick, frayed spines; 
No. 7 three- or four-haired: Nos. 8 and 10 single: No. 9 with three to 
five branches; No. 11 triple; No. 13 a very small and weak, incon- 
spicuous four-haired tuft, much less than half as long as No. 6. 

Prothoracic hairs (fig. 129) as follows: Nos. 1 and 2 single and long; 
No. 3 very small and weak five- to eight-haired tuft, about one-fifth 
the length of No. 1; No. 4 double; Nos. 5 and 6 single; No. 7 double 
or triple; No. 14 single. Abdominal hair No. 6 on segments I and II 
double (fig. 130). Lateral plate of the eighth abdominal segment with 
seven to nine slightly subequal, unfringed teeth. Air tube (fig. 131) 
scarcely three times as long as its basal width, bearing twelve to fifteen 
pecten teeth which run to the middle of the tube and exceed the 
insertion of the subventral tuft; dorsal surface of tube dark brown 
except for a pale interruption on distal third. Anal segment about 
twice as long as it 1s wide, fringed on posterior border; hair | a very small 
and weak tuft with four or five branches. 

Pupa (Plate XIV).—Integument of cephalothorax light-colored 
centrally, dark brown on the sides, that of abdomen dark brown on 
segments II, III and IV, lighter on others. Trumpets (fig. 132) short, 
about three-fifths the length of the paddles, somewhat tapered at tip; 
tracheoid area occupying about one-fourth the length of the trumpet; 
pinna discreet, barely one-eighth the length of the trumpet. Out- 
standing abdominal setae as follows: Hair No. 2 a multiple but rather 
small tuft on segments II and III; with two or three branches on 
segments IV to VII; No. 5 with two to four branches and about as 
long as No. 2 on segments [V to VII. Paddles very broad, inner part 
inflated and larger than outer part; midrib prominent for two-thirds the 
length of the paddle. Apex serrate. 

Type Material.—-Holotype male with associated larval and pupal 
skins, Tocumen, province of Panama, R. de P., March, 1953. Allotype 
female with associated larval and pupal skins, Tocumen, R. de P., 
February, 1953. Paratypes: three males with associated larval and 
pupal skins from Tocumen, R. de P., February and March, 1953; one 
male from Mojinga Swamp, Canal Zone, XI.28.52; one male from 
Tocumen, R. de P., XII.19.51; one male from El Real, Darien 
Province, R. de P., 11.19.53; four females with associated larval 
and pupal skins from Tocumen, R. de P., February and March, 1953; 
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from Tocumen, R. de P., XII.19.53; one female from 

Canal Zone, I1.28.52. Ail associated material 

larvae collected in a large, open swamp among the matted 

large sedge Fuirena umbellata Rottb., rest of the material 

taken in ligh aps. Types to be deposited in the U. S. National 
Museum 

Taxonomic Discussion.--This species belongs to the low7i-series as 

indicated mainly by male characters, but it shows some affinities with 

members of the leuco plera series, sin 

pale as in hystera and leucoplera. Ac 

of the lowii-series | very dark, nearly blacl 

well as | wing-veins which are mostly pale in telmatophila and 

all dark in other members of the series. I? may be separated from 

of the leucoptera-series by the colegfof the occipital scales, 

are mostly white in leucoplera and #fied species and mostly 

with only the eye-border pal in the lelmatophila. The male 

terminalia and immature stages are quite characteristic as shown 1 


it has most of the 


] 
lults can be separated from thos 


lintegument, 


the descriptions and figure 
Bionomics.—-All the adults of this species have been taken in light 
traps near extensive fresh water swamps. Larvae are found in relative 


abundance during the dry season in large swamps choked with vertical 


ing 
vegetation, particularly the large sedge, Fuirena umbellata Rottb., 
these larvae virtually disappear from the breeding places during the 
rain 


Uranotaenia trapidoi n. sp. 
Uranotaenia coatzacoalcos, Dyar, 1928 (in part Mosq. Amer., p. 424 


Female.-Head: Proboscis dark. brown, slightly shorter than fore 
femur, swollen toward tip. Palpi very short, barely longer than 
clypeus, clothed with dark brown scales. Clypeus black. Tori 
yellowish brown in front and outer margins, dark brown on inner 
margin. Occiput clothed with flat, large, dark brown scales with 
slight bluish reflection and some erect, narrow, dark brown ones. 
Vertex with a large band of white scales which borders the eye on 
each side for about half the distance from: the center of the vertex to 
the mentum. 

Thorax: Anterior pronotal lobes with a large patch of broad, flat, 
snowy white scales. Mesonotum dark brown with a vestiture of 
brownish ligulate scales. A narrow line of snowy white scales extends 
forward from above the roots of the wings to about half the distance 
to the anterior border of the scutum. Scutellum concolorous with 
mesonotum, dark-scaled. Pleura dark brown, with a band of snowy 
white scales extending horizontally across the upper third of the sterno- 
pleura, and a vertical narrow line of silvery almost transparent scales 
bordering the posterior margin of this sclerite below the level of the 
upper border of the meron. Sternopleural integument uniformly 
dark brown; mesepimeral integument dark brown with a basal denuded 
silvery band on lower third. Coxae and trochanters yellowish, clothed 
with some silvery, almost transparent, ovoid scales; femora and tibiae 
with apical white spots, more pronounced on hind legs; fore and mid 
tarsi with fourth and fifth joints clothed with evanescent white scales; 
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hind tarsi with apical half of third and all fourth and fifth segments 
clothed with white scales. Wing-veins dark, except for a long line 


of white scales which arises on the stem vein and continues along the 
base of the first vein. 

Abdomen: Dorsum with a vestiture of dark brown scales and 
small, basal segmental white spots. Venter largel: pal -scaled, with 
broad, basal, segmental bands of dark scales 

Male.—Coloration of the female. Secondar sexual characters 
well developed; antennae densely plumose, antennal segments shorter 
than in the female, except last two which are longer. Mid femora 
swollen; midtarsal claws unequal. 

Male terminalia (Plate XV): Basistyle conical, longer than wide. 
3asal lobe broadly and triangularly produced toward outer border, 
bearing three long hairs and a few smaller ones on the triangular pro- 
jection. Dististyle (fig. 142) shorter than the basistyle, very stout, 
ending in a small beak-like point; ventral bordet swollen on outer 
half: vestiture of scattered small hairs from rounded insertions 
appendiculate spine inserted just before the tip, with blunt apex. 
Lateral plates of the phallosome (figs. 144 and 145) divided, sternal 
arm a flat plate with rounded smooth apex, bearing subapically a long, 
acutely pointed, claw-like tooth directed outwardly; tergal arm a 
roundedly quadrate plate bearing at its apex four heavy, curved teeth 
Ninth tergite (fig. 143) with basal border deeply and quadrately 
emarginate, lobes knob-like, set far apart. 

Larva (iate XV).—Head capsule dark brown to black. Antennae 
scarcely tapered, sparsely spiculate, antennal hair inserted well toward 
the base. Head hairs (fig. 137) as follows: No. 4 double or triple and 
rather weak, about three-fourths as long as hair No. 6; Nos. 5 and 6 
the usual thick, simple, frayed spines; No. 7 with four to six branches; 
Nos. 8 and 10 single, No. 11 four-branched; No. 13 three-haired, about 
as long and as strong as No. 4. 

Prothoracic hairs (fig. 138) as follows: Nos. 1 and 2 single and 
long; No. 3 a multiple tuft about half as long as No. 1; No. 4 double 
or triple; Nos. 5 and 6 single; No. 7 three- or four-branched; No. 14 a 
strong, conspicuous, multiple tuft. Abdominal hair 6 on segments I 
and II double (fig. 139); lateral plate of eighth abdominal segment 
with 9 to 12 fringed, slightly subequal spines. Air tube (fig. 140) 


about three times as long as its basal width, bearing from 25 to 29 


pecten teeth running almost to the tip of the siphon; individual tooth 
very long, fringed at tip; subventral tuft inserted slightly beyond 
the middle, well within the pecten. Anal segment somewhat longer 
than wide, ringed by the saddle which is fringed on posterior border; 
hair No. | a four-branched tuft. 

Pupa (Plate XV).—Pupal integument yellowish brown except for 
darker spots bordering the « ephalothorax and at the bases of abdominal 
segments II to VII. Trumpets (fig. 141) moderate in length, about 
three-fifths the le ngth of the paddle, markedly flared at tip; trac heoid 
area occupying slightly over one-third the length of the trumpet; 
pinna broadly U-shaped, one-third the length of the trumpet. Out- 
standing abdominal setae as follows Hair No. 2 a long three-haired 
tuft on segments IV and V becoming double on segments VI and VII. 
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Hair No. 5 a three-haired tuft on segment IV, of same size as No. 2; 
double and longer than No. 2 on segments V and VI; double and as 
long as No. 2 on’ segment VII. Paddles globose, markedly serrate on 
api al half: midrib prominent and pronoun ed to tip of paddle. 

Type Material.__Holotype male with larval and pupal skins, El 
Hato, 4,500 ft., Chiriqui Province, R. de P., V.17.50. Allotype 
female with larval and pupal skin, same data as holotype. Paratypes: 
five males with two larval and five pupal skins, same data as holotype; 
one male and one female from Nueva Suiza, 5,000 feet, Chiriqui 
Province, R. de P., V.25.46; one male from Cerro Punta, 6,200 feet, 
Chiriqui Province, R. de P., XII.10.52; two larval and two pupal 
skins from Cerro Campana, 3,000 feet, Panama Province, R. de P., 
I1J.13.50. All material reared from larvae collected in partly shaded, 
cold, mountain springs. 

Distribution..-The species has only been found in Panama. It does 
not occur in Costa Rica, where it is replaced by coatzacoalcos D. & K. 
It is strictly a highland species, it being replaced in the lowlands by 
typhlosomata D. & kK. 

Taxonomic Notes.-In 1906 Dyar and Knab described a new species 
of Uranotaenia from larvae taken near Santa Lucrecia on the Isthmus 
of Tehuantepec, in southern Mexico and named it coatzacoalcos. In 
1917, Howard, Dyar and Knab described Uranotaenia basalis from a 
male accompanied by its larval skin, bred by Dr. Knab from a single 
larva taken near Cordoba, also in southern Mexico. The describers 
separated the new species from coatzacoalcos D. & K., on the basis of 
the branching of the ‘‘upper lateral head hairs,” but Dyar (1923) 
brought out convincing arguments that no such differences existed and 
included basalis Howard, Dyar and Knab in the synonymy of 
coalzacoalcos D. & K. 

Since the year 1950, we have been repeatedly rearing a species of 
Uranoltaenia from the highlands of Panama which appears identical 
in adult and male terminalia characters with coatzacoalcos, as determined 
by actual comparison with material from Mexico, Salvador and Costa 
Rica. However, Panamanian larvae differ strikingly from the descrip- 
tions of the larvae of both coatzacoalcos and basalis, as well as from 
‘‘coatzacoalcos”’ larvae collected by Galindo and Trapido in Salvador 
and Costa Rica. The main differences are in the air tube which in 
Panama specimens has the pecten teeth running nearly to the tip of 
the tube and the subventral tuft inserted beyond the middle, while in 
coalzacoalcos the pecten runs only to the middle of the tube and the 
tuft is inserted at or before the middle. Larval skins from Panama 
were sent to Dr. Alan Stone for comparison with the types of coatza- 
coalcos and basalis which Dr. Stone kindly did, answering as follows: 
‘“‘ Uranotaenia coatsacoalcos—-The only original material that we have 
consists of two larval skins in poor condition, only one of them showing 
the terminal abdominal structures and that very poorly.”’ ‘* Uranotaenia 
basalis—Type from Cordoba, Mexico, January 6, 1908. Knab No. 
$17.32. The larval skin in rather poor condition but showing the 
pecten teeth stopping at the level of the siphon tufts, the siphon 
tufts shghtly basal of the middle of the siphon. In the larvae you 
sent the pecten extends far beyond the siphon tuft and this tuft is 
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distad of the middle of the siphon. I find no other distinct differences, 
but there is no doubt that your specimen is not basalis.”’ 

In view of the profound differences found between the larvae of the 
Panamanian species and those of coatzacoalcos and basalis, we have not 
hesitated in describing the former as a new species, despite the fact 
that we have found no certain characters to separate the adults or the 
male terminalia. 


Uranotaenia typhlosomata Dyar and Knab 
Uranotaenia typhlosomata Dyar and Knab, 1907. Jour. New York 
15:200 
‘ranotaenta typhlosomata, Howard, Dyar and Knab, 1917. Mosq. No. Cet 
& W. 1., 4, p. 924 
‘ranotaenia coatzacoalcos var. typhlosomata, Dyar and Shannon, 1924 
Mena., 12: 191 
ranotaenia typhlosomata Bonne-Wepster & Bonne, ». Mosq. Surinam, p. 454 
‘ranotaenta coatzacoalcos, Dyar, 1925 (nec Dyar and Knab, 1906 Ins. Ins. Men 
13: 185 
‘ranotaenta coatzacoalcos, Dyar, 1928 (in part Mosq. Amer., 428 
'ranotaenta coatzacoalcos, Edwards, 1932 (in part Gen. Inse« fasc. 194, p. 98 
ranotaenia coatzacoalcos, Lane, 1939 (in part tet los Mo Neotr., p. 34 
ranotaenia coatzacoalcos, Arnett, 1948 (nec Dyar an nab, 1906 Jour. Ne 

York Ent. Soc., 56: 175. 

Female..Head: Proboscis shorter than fore femur, dark brown, 
slightly swollen toward tip. Palpi variable in size from about same 
size of clypeus in most Pacific side specimens to two and one-half 
times longer than the clypeus in most Atlantic side specimens. Tori 
dark brown on inner border, yellowish brown outside, with a few 
erect curved scales. Antennae about as long as the proboscis, dark, 
except for base of third segment which is lighter. Occiput clothed 
with broad flat, dark scales, and a line of white scales on each side 
arising above the anterior pronotal lobes, bordering the eyes for half 
the distance from the vertex to the mentum and joining a concolorous 
spot on the center of the vertex. 

Thorax: Anterior pronotal lobes with a broad band of silvery 
white scales. Mesonotum chestnut brown, with a darker spot above 
the paratergite, clothed with narrow, curved, dark scales. A broad 
line of silvery white scales extending on each side from the root of 
the wing half way to the antericr border of the scutum. Pleura 
yellowish brown with a darker band across the upper third of the 
sternopleura clothed with a line of silvery scales. Scutellum and 
postnotum concolorous with mesonotum. Femora and tibiae white- 
tipped, particularly noticeable on hind legs; fore and midtarsi with 
evanescent white scales from third to fifth segments; hind tarsi with 
apical third of third segment, all of fourth and fifth white-scaled. 
Wing-scales dark, except for a line of white scales on stem vein and at 
base of fifth vein. 

Abdomen: Dorsum dark-scaled; venter pale. 

Male.—-Coloration of the female. Secondary sexual characters well 


developed, antennae plumose, antennal segments shorter than in the 
female, except for the last two which are longer; mid femora swollen; 
mid tarsal claws unequal, one very long and stout, the other much 
shorter and very slender. 
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Male terminalia (Plate XVI Jasistvle somewhat longer thar 
wide, clothed with long hairs all around. Basal lobe with a triangular 
projection toward outer border, bearing a clump of three or four long 


1 


hairs arising from heavily sclerotized insertions on its inner margin 
and a few weaker hairs scattered on its outer margin. Dististyle 
(fig. 151) three-fourths the length of the basistyle rather stout, with 


17 


ventral margin slightly swollen on outer third and with the apex acutely 


pointed; vestiture of several small hairs from conspicuous rounded 
insertions; appendiculate spine simple. Ninth tergite (fig. 152) almost 
as wide at apex as at the base, basal border deeply and quadrately 
emarginate; lateral corners produced into two smooth membranous 
finger-like knobs. Lateral plates of the phallosome (figs. 153 and 154) 
divided into two arms, sternal arm heavily sclerotized, with a long 
stout, subapical, outwardly pointing tooth and ending in a clump of 
closely appressed small, outwardly pointing denticles; tergal arm 
quadrate and smooth, bearing three or four curved unequal teeth 
which arise from its upper outer border and point inwardly. 

Larva (Plate XVI).—-Head capsule yellowish. Antennae gradually 
tapering from base to apex, heavily spiculate, antennal hair inserted 
before the middle. Head hairs (fig. 146) as follows: No. 4 double or 
triple, about three-fourths the length of No. 6; Nos. 5 and 6 the usual 
thick, single, frayed spines; No. 7 a four- to six-branched hair; Nos. 8 
and 10 single; No. 9 triple; No. 11 a four-haired tuft; No. 13 a very 
small and inconspicuous three- to five-haired tuft. Prothoracic hairs 
(fig. 147) as follows: Nos. 1 and 2 single and long; No. 3 a multiple 
tuft over half as long as No. 1; Nos. 4 and 7 triple; Nos. 5 and 6 single; 
No. 14 single. Abdominal hair No. 6 on segments I and II triple 
(fig. 148). Lateral plate of eighth abdominal segment bearing eleven 
to thirteen fringed, acutely pointed, very slightly subequal spines. 
Air tube (fig. 149) four times the length of its basal width, bearing 
fourteen to twenty pecten teeth not reaching the middle of the tube, 
immediately followed by a multiple subventral tuft. Anal segment 
somewhat longer than wide, ringed by the saddle which is fringed on 
posterior border; hair No. 1 a five- to six-haired tuft. 

Pupa (Plate XV1I).--Integument light-colored. Trumpets (fig. 105) 
tubular, broadly flared at tip, slightly shorter than the paddles; tracheoid 
area occupying most of the meatus, between one-half and two-thirds 
the length of the trumpet; pinna slightly less than one-third the length 
of the trumpet, U-shaped, with a narrow slit at base. Outstanding 
setae as follows: Hair No. 2 a moderately long, conspicuous, multiple 
tuft on segments II, III and IV, becoming gradually shorter on segments 
V and VI. This hair is single and very long on segment VII, it being 
longer than No. 5. Hair No. 5 a four-haired tuft, as long as No. 2 on 
segment IV; with three branches and appreciably longer than No. 2 on 
segments V and VI. Paddles as in apicalis. 

Taxonomic Notes.—As was pointed out in discussing (frapidoi n. sp., 
in 1906 Dyar and kab described coatzacoalcos from Mexico from a 
larva that died befcj# pupation. In 1907, the same authors described 
typhlosomata from & single male taken in Taboga Island, Panama. 
Howard, Dyar and Knab (1917) gave a full description of all the stages 
of typhlosomata recognizing this species as distinct from coatzacoalcos; 
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in addition they described another related species from Mexico undet 
the name basalis, basing the description on a single bred male with its 
larval skin. Dyar (1923) sank basalis in the synonymy of coatzacoalcos 
pointing out that the differences in the larvae of these two forms 
brought out by Howard, Dyar and Knab did not really exist. In the 
same publication he implicitly recognized the specificity of lyphloso 
mata—described previously from Panama—when he said: ‘‘ This species 
(coatzacoalcos) appears to be confined to Mexico and Central America, 
no specimens having appeared in Panama as yet.’ Dyar and Shannon 
(1924), in discussing the American species of Uranolaenia, included 
typhlosomata in the synonymy of coatzacoalcos, considering it a mere 
variety, but giving no reasons for their opinion. Dyar (1928) con 
tinued to treat typhlosomata as a synonym of coatzacoalcos, but in 
a description of the species said: ‘‘ Northern specimens (coalzacoalcos 
basalis) generally have the first vein lengthly white-scaled, the fiftl 
not; southern specimens (/yphlosomata) have the proportions reversed, 
the fifth being white scaled, the first not.’ 

The authors have carefully compared reared topotypical specimens 
of typhlosomata from Panama, with coatzacoalcos material from Mexico 
Salvador and Costa Rica and found the following differences: Adult 
General coloration of typhlosomata much lighter; base of first wing- 
vein largely white-scaled in coatzacoalcos, dark in typhlosomata; bass 
of fifth wing-vein dark in coatzacoalcos, white-scaled in typhlosomata, 
apical white spot on hind tibiae quite pronounced in coatzacoalcos, 
much less so in typhlosomata. Male terminalia.—The shape and 
characteristics of the phallosome and dististyle differ widely in the 
two species as can be appreciated in the figures. Larva.—The larvae 
of the two species differ in the color of the head capsule, coatzacoalcos 
having the head dark-brown to black, and typhlosomata yellowish. 
The two species also differ in the quality and branching of head hair 
No. 13, prothoracic hair No. 14 and lateral abdominal hair No. 6 on 
abdominal segments I and II, as well as on the number of scales on 
the lateral plate of the eighth abdominal segment. Pupa.—-The 
shape of the trumpets and the abdominal chaetotaxy is different in 
these two species. 

Based on these facts we have revived the specific name lyphlosomata 
D. & K. to designate the lowland species from Panama. 

Distribution——We have seen typhlosomata material from Panama 
only, but suspect that the coatzacoalcos records from Ecuador, Ven¢ 
zuela and Trinidad, refer to this species rather than to coatzacoalcos or 
trapidot. 

In Panama the species is widely distributed along the lowland of 
both coasts. Female specimens from the Atlantic side have much 
longer palpi than topotypical material from the Pacific side, the palpi 
being almost two and one-half times longer than the clypeus, while the 
palpi in the great majority of females from the Pacific side do not 
reach one and one-half times the length of the clypeus. It is quite 
possible that the long palpi form from the Atlantic side may be entitled 
to nomenclatorial status, but we have hesitated to name it as we could 
not find any differential characteristics in the male and we have no 
immature stage specimens from the Atlantic side for comparison 
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species is commonly found in stream- 


sionomics.—The larvae of t 
bed pools and in side pools along streams, preferably in the shade, from 
sea-level to 2,000 feet in elevation. Root (in Dyar, 1928) reports 
finding the larvae of what is presumably this species in a tree-hole in 


Venezuela. 
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Parasit., 


HOW TO KNOW THE SPIDERS, by B. J. Kaston. Pp. 220. Wm. C. Brown Co 
1952 Price, $2.25. 
It is a pleasure to review and recommend unequivocally 
tion to the Jacque ' “How to Know"’ serie Che general plan of Kaston’ 
is the same as for others of the seri There is information on where to find 
spiders, how to collect and preserve them, and what they are Sections on how 
to recognize the sexes and how to use the keys are included 
by the keys which, as 40 of the probably 49 families and 190 of the approximately 
500 genera are included, are quite adequate for identifying the common North 
American spiders to family and genu The illustrations follow the usual pictured 
kev arrangement and have the added value that they are all from the excellent 
Elizabeth Kaston, who is certainly one of the best pen-and-ink illustrator 


tl excellent addi 


book 


Chese are followed 


ence material 
From the technical standpoint, it is doubtful that this book could be improved 
“gag | 
As seems to be usual with a book by Kaston, printing errors ar a minimum 
feature of great importance in the case of key which could so easil lead one 
astray with even a minor typographic al error As a test of their efficiency, thi 
a collection of pider and no 


errors were discovered. The usual difficulties of distinguishing between some 


of the closely related genera have been reduced to a minimum 

One statement—not in the keys but in the text—i omewhat misleading 
and may be the result of a typographical error: ‘‘Ballooning spiders have actually 
been collected from airplanes at an elevation of 5,000 feet."’ According to Glick, 
in hi paper on air borne arthropod pider have been found balloor Ing a high 

15,000 rather than only 5,000 feet 

The book is meant for the amateur, but mar f the illustratior 
helpful to the peciali t too Probably ly the ialist would 
had been 1n¢ luded some note a to the number ot 1¢ l the gener! 
It might have been helpful to have some of the external genitalia illustrated 
they are so ¢ ential to adequate identificatior I an ure they 
for reasons of simplification rather than prudery, how r And it migl 
been desirable to have had some of the. famil ind yen nonograph listed 
though probably the few reference recommended ar Wail adequate 

D. C. Lowri 


reviewer has made use of the keys in identifying 


on 


were. Or 





THE CATCH CURVE OF INSECTS" ? 


A. P. WEBSTER? ano JOHN D. DECOURSEY 
Department of Entomology, N 1 Medical Field Research La 
Camp Lejeune, North Carolir 


INTRODUCTION 


Whenever it is desired to reduce an insect population without the 
use of insecticides or poisonous agents, attempts may be made to 


accomplish the desired reduction by means of traps. It is the purpose 


of this paper to present a rational theory of control by means of traps, 
to describe the nature of the “catch curve,” define and illustrate 
the catch rate, and give illustrations for a number of different insects 
The cockroach was chosen for the basic data in this paper because it 
was readily availabl Data for deer flies, ticks, flour beetles, and flies 
were taken from the literature. The analysis of the data on the roaches 
and other insects tends to support the concept that the ‘‘conversion”’ 
of an insect population from a ‘‘wild” state to a controlled or ‘‘caught”’ 
state follows a first order chemical reaction for the conversion of one 
substance into another. That is, the wild population acts as one 
substance and the caught population acts as another substance, and the 
“catch rate” is the velocity constant of the reaction from ‘wild 
to “caught 

Application of this principle of chemical kinetics enables one to 
determine or predict the following: the ‘‘catch rate’”’ in percent of the 
total population per unit of time, the expected number to be caught at 
any given time, the initial wild insect population, and for certain 


insects, the velocity constant of growth, and time to minimum popula- 
tion during trapping period 


SYMBOLS 
Number of insects caught at end of time t, total number or 
number per trap, or any measure of the number of insects 
Time 
Initial insect population at start of trapping 


Instantaneous catch rate in insects per unit of time 


‘Catch rate,”’ velocity constant of reaction ‘‘wild”’ to 
“caught 

Number of insects yet to be caught when growth is neg- 
ligible during trapping period 


'This work is not to be construed as necessarily reflecting the views of the 
Department of the Navy 

2The authors wish to express their appreciation to J. G. Doub, HMI, USNR, 
and R. W. Gay, HN, USNR, for assistance in the conduct of the experimental 
trapping; to W. T. Courson, HM2, USNR, for carefully tracing and lettering 
the graph , and to K. E. Duncar Set., USMCR, for the drawing of the roach 
trap 
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Natural logarithm of 
Constant of integration 

e = Base of natural logarithms 

t' = Time when catch curve crosses the t axis; time to “find”’ 
traps 

N Total number of insects at any time, t 

(N-1i) Number of insects yet to be caught when growth 1s 

appreciable during trapping period 
Growth rate during trapping period 


INSECTS WITH NEGLIGIBLE POPULATION GROWTH DURING 
THE TRAPPING PERIOD 


Theoretical Considerations 
Prior to the initiation of the control study proper, in which the 
total numbers of roaches caught at any given time was noted, a 
theoretical prediction was made as to the nature of the conversion of 
“‘wild’”’ insects to “‘caught”’ insects, and as to the nature and shape of 
the catch curve These theoretical considerations predicted that the 
conversion of ‘‘wild”’ to “caught” would follow a first order chemical 
reaction; that the shape of the catch curve would be expone ntial rising 
to a maximum equal to the original insect population; that the “catch 
rate’’ would be a constant percentage of the insects yet to be caught, 
or a constant percentage of the remaining ‘‘wild”’ insects. These 
theoretical considerations were made as follows 
For any fixed set of conditions, number of tri ps, type ol bait, locality, 
season, etc., let i be the number of insects caught at the end of time t 
Further, let im be the insect population at the start of the trapping 
Then it is postulated that the rate at which insects are captured 1s 
proportional to the number yet to be caught, or the available insects 
Symbolically, 
di 


k(im-~-1), ea 
dt ‘ 


where di/dt is the instantaneous rate in insects per unit time, and k is 
the proportionally constant. The quantity (im-i) is the number of 
insects yet to be caught. The quantity k represents the velocity 
constant of the change 
k 
“wild” > “caught” 
and is actually the percentage of the “wild” insects captured each 
unit of time, t.e., the catch rate 
Equation (1) may be rearranged and integrated 
. di . 
{ ~=k fad 
e 
kt 


J Um 1) 


ey 


-In (im —1) = kt + C, 
where C is the constant of integration 
Then 
(im 1) 
where 
InB 
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At the start of a given study or program when the traps are first 
exposed to insects, chronological time is zero. But the insects take a 
certain variable time to become aware of or “‘find”’ the traps. If this 
time is designated as t', then when t t', the number of insects caught 
equals zero, 1.€., 1 0, so that 


B ime* (6) 
Then the equation relating the number of insects trapped to the 
number of days of trapping becomes 


’ 


Im¢ : (7) 


ng beaker, gauze ramp, and bait container 
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Roaches 
Cockroaches, Blattella germanica L. and a few Periplaneta ameri- 


cana L., were trapped in a small insectary for a period of 72 days 
The traps were shortening cans or 250 ml. beakers greased on the inside 
with vegetable shortening. Ramps made with cardboard or gauze 
were used to facilitate entry to the traps. A strip of gauze 4 by 10 
inches was wrapped loosely around the beaker and held in place at the 
top by a rubber band. The gauze was flared at the bottom to form a 
gradual incline to the top of the beaker, and at the top to make contact 
with the upper rim as shown in figure 1. Raisins were boiled 1n water 
to a syrupy consistency and placed in a small tin lid in the bottom of 
each trap to attract the roaches. The greased traps were placed in 
darkened areas of the insectary, removed the following day, and the 
roaches killed under a bell jar with fumes of ammonia and counted 
The number of traps used varied for the initial 14 days of the study, 
but, thereafter, 10 traps per day were used. The mean number of 
traps per day for the 72 day period was 9.55. Since there was some 
variation in the number of traps during the first few days of trapping, 
and the number of hours the traps were in effect was somewhat less 
than a full day, in applying equation (7) all the data were reduced to 
the common denominator of roaches per trap per hour 
The cumulative roaches per trap per hour at the end of the number 
of days of trapping is shown in Table I, and plotted in figure 2. The 
smooth curve through the data of figure 2 is a graph of equation (7) 
fitted to the data by inspection of the logarithmic plot 
In(im — 1) = Inim — k(t t'), (8) 
which is linear in the roaches yet to be caught and the time, with the 
maximum value of i, the roach population, given as the intercept on the 
(im — i) axis. The technique of graphic fitting is described by Brody 
(1927). 
75, funber of roaches + rQuch_papssation= Im roaches ger moe. ROL 


ses 


Smooth Curve 
_k+ 036 it im~ime™' 
= 3.6% per day 4s}. im®* foach population, 75 per 
trop per hour 
k+ catch rote, 3.8% per doy 


e 


“ 


nx 


Roaches per trap per hour yet to be cought, (I, ~ i) 


Time, t, days Time, t, doys 


Fic. 2. The graph on the left is a semilog plot of the roaches yet to be caught 
against time. The intercept, when time is zero, represents the maximum 
roaches vet to be caught, or the roach population The slope of the 
straight line is the ‘‘catch rate.’’ The lower curve on the right is the 
catch curve showing the cumulated roaches caught as left ordinate 
against time as abscissa. The right ordinate is roaches yet to be caught 
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The most important values obtained from application of the above 
} 


approach to the experimental data are the estimation of the roach 
population, im, and the estimation of the “catch rate,’’ k. For this 
particular study and set of conditions, im was found to be 14,660 and 
k to be 3.8 percent per day. This means that starting with an initial 
roach population of 14,600 the number captured each day was a constant 
percentage, 3.8 percent, of population extant. The figure, 3.8 percent, 
represents, therefore, the control effectiveness of the entire trapping 
procedure 
TABLE I 


CUMULATIVE ROACHES PER TRAP PER HOUR AT THE END OF THI 
NUMBER OF Days OF TRAPPING 


Roaches Roaches Roaches 
Time per Trap Time per Trap Time per Trap 


Days per Hour Days per Hour Days per Hour 


51 63 .% 
52 63. { 
53 64 
54 65.2 
55 65 
56 66 
57 66 
58 66. { 
59 67 . 3 
60 67.: 
61 67 .! 
62 68 
63 68! 
64 68 
65 69 
69 
67 69! 
69 
69 § 
70 
70.2 
70 


71 


26 4& 
27 49 
28 50 
29 50 
30 51 
31 52 
32 53 
33 54 
34 54 


39 D0 


I1Dmwon 


J 


55 
37 56 


38 od 


Coes 


41 
42 
44 
45 


47 
48 
49 


Crore OR WN NWSI ws 


Ticks 

The data for ticks, Dermacentor variabilis (Say), were obtained 
from a report by MacCreary (1945). He used dogs as “traps” and the 
animals were examined three times each week; all ticks were removed, 
the number of ticks on each examining day and the date were recorded 
Table II shows the data for one dog, a collie, at one locality, in which 
the time in days is given with the cumulative total of ticks at the end 
of a given number of days. MacCreary states that the environment 
and habit of the dog did not vary to any great extent from day to day 
and that each day the dog had nearly the same opportunity for exposure 
to ticks. It 1s assumed from this, for purposes of this paper, that the 
“trap” was operated in the same area each day, and that, therefore, the 
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population of ticks available to the ‘‘trap”’ was not affected by anything 


but the catch. Figure 3 is a plot of the data of Table II with the number 
of ticks caught as the ordinate 
abscissa. The smooth curve is equation (7) fitted by inspection to the 
The constants obtained from fit of the 
3 ticks; 


against the number of days as the 


logarithmic plot, equation (8) 
equation to the data are as follows: Original population, 1m, 7¢¢ 
catch rate, k, 3.03 percent per day ‘and t', 10 days 


TABLE II 
LOCALITY, IN WHICH THE TIMI 


lick DATA FOR ONE TRAP, A COLLIE DoG At ON! 
TicKS AT THI 


IN Days Is GIVEN WITH THE CUMULATIVE TOTAL OI 
END oF A GIVEN NUMBER OF Days 


Total Ticks Total Ticks 


Caught Days Caught 


0 39 446 
0 42 512 
0 44 519 
46 531 

23 49 535 
4] 51 538 
71 53 545 
56 551 

115 58 557 
573 

580 

50S 

617 

638 

641 

654 

663 


moximum number of ticks, in» fick popylation 


im* 763 ticks, ongino! population 50 Smooth Curve 
k* 0303 cian ige Mint) 
_ per doy, cotch rote " : im* 763 ticks (population) 

° 0 k+3.03% per doy, catch rote 

t's iO doys 


m 


Ticks yet fo be cought/i., 
Ticks yet to be caught 


aC 
1, doy 


The graph on the left is a semilog plot of the ticks yet to be caught ag: 
time. The intercept, when time t', represents the m 
yet to be caught, or the tick population The 

is the ‘‘catch rate.’’ The curve on the right 

the cumulated ticks caught as left ordinate 


The right ordinate is ti ks vet to be caught 
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Deer Flies 

The data for deer flies, Chrysops discalis Will., were obtained from 
a study by Roth and Lindquest (1945) in which ovipositing deer flies 
were trapped with adhesives applied to stakes. These authors state 
that this method (of trapping) would be useful in survey and incidence 
studies, and that its use might also be considered for control purposes. 
Their data are reported by date and the average number of flies trapped 
per square foot ol stake for different adhesives Table III shows the 


TABLE III 


Time IN Days AND TotaL NUMBER OF DEER FLIES TRAPPED (AVERAGE OF TWO 
ADHESIVES) PER SOUARE Foot OF STAKE TREATED WITH 22 GRAMS OF ADHESIVE 


Deer Flies Deer Flies 
Time Days Caught Time Days Caught 


I 703 f 1071 
2 787 ) 1075 
3 954 1079 
1 


1025 1081 


k= 673 per day $ C 
mooth Curve 

is lmn~ ine 

im*( 1100 flies population) 


k=673% per day, catch rate 


a 


4 $$ 6 7 & 
Time, t ,days 


Ovipositing deer flies yet to be cought, (i, 
watyvo @ 


5 6 
Time, t, days 


Fic. 4. The graph on the left is a semilog plot of the deer flies yet to be caught 
against time. The intercept, when time is zero, represents the maximum 
deer flies yet to be caught, or the deer fly population. The slope of the 
straight line is the ‘‘catch rate.''’ The curve on the right is the catch 
curve showing the cumulated deer flies caught as left ordinate against 
time as abscissa. The right ordinate is deer flies yet to be caught. 


time in days and the total number of deer flies trapped (average for 
two adhesives) per square foot of stake treated with 22 grams of 
adhesive. Figure 4 is a plot of the data of Table III with total flies 


caught as ordinates against the time in days as the abscissa. The 
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smooth curve is derived from equation (7) The constants obtained 
from the smooth curve are: Original population, im, (1100)2 2200 
deer flies; catch rate, k, 67.3 percent per day; and t', 0 
INSECTS WITH APPRECIABLE POPULATION GROWTH DURING 
THE TRAPPING PERIOD 


Theoretical Considerations 


When the growth of the insect population is appreciable during the 
trapping period, the shape of the catch curve is modified by the addition 
of new insects to the population. In other words, the population is 
not static and subject only to reduction by the traps as in the previous 
examples, but, rather, the population is dynamic and tends to increase 
by reproduction at the same time as the traps tend to reduce it by 
removal. If N is the total number of insects at any time, and 1 is 
the number of insects caught at the end of time, t, then the number 
of insects yet to be caught is (N — i). Then, similarly to equation (1), 
the rate at which insects are captured is proportional to the number 
yet to be caught, or the available insects, thus 

= k(N — i) (9) 
dt 

The total number, N, is not a constant but varies with time, and 
tends to increase at a constant percentage rate. In other words, the 
increase in the total insects is some function of their reproduction 
habits, environment, available food supply, etc., but for purposes here, 
is postulated to be proportional to the total number of insects. New 
insects only arise from pre-existing insects, so that, following Brody 
(1927a) for self-accelerating growth 

dN 
dt 

Rearranging and integrating gives 


N = i,e**, 


m 


= kiN (10) 


where iy, is the initial population when t = 0. 


kit 


Replacing N by i,e*" in equation (9) we have 
di 
dt 


which is a linear differential equation the solution of which is 


k a kt 
a praeke ee 
1 (; ¢ =) Ls + Ce 


When the catch equals zero, t = t', and 


. k (k + k,)t’ 
C=- ere 
(; + 5 ven 


Whence, the catch equation becomes 


i =(—*— ) ii, [et — ebt’e-Mtt- 
k+k/'™ 


Tere oe 
+ ki = ki,e', 
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Note in equation (15) when k; 1s very small, that is, when thi 
increase in number of insects is small during the trapping period, the 
equation for the catch reduce to 


sia k 
1 = 1, » 1.6 


identical with equation (7) 


Beetles 


data for beetles, Tribolium confusum Duval, were obtained 
from a report by DeCoursey (1931). He used corrugated paper 
containing wheat flower as a trap tor the confused flour beetle infesting 
helled corn. His original data have been adjusted by cumulating 
the average number caught per trap as shown in Table IV. Figure 5 


TABLE IV 


CUMULATIVE BEETLES PER TRAP AT THE END OF THE NUMBER OF Hours OF TRAPPING 


No Beetles No Beetles 
Caught Caught 


Time, Hrs per Trap Time, Hrs per Trap 


24 66.0 457 565.0 
45 96.9 529 616.! 
72 122.9 601 663 
113 234.0 673 700. : 
177 336 |} 745 748 ; 
241 407 817 792. 
313 453 .! 889 834.< 
5 507 961 874 


,* OOOTSB per hour 
* 0162 per doy 


k* OOS6 per hour 
« 1344 per day cs 
fat ght ghit=t*) } 


‘mn 
\ 


* (344% per dey 
yf hour 


us 758 pe 
* .82% per doy 
in * 483 


ro 


Number tridolum tropped per trap, i 


Time, 1, hours 


» curve on the Sa semilog plot to obtain constants of equation 
rhe positive line 1s a direct plot of the beetles caught near the 

end of the trapping and shows the growth constant. The negative 
line is a plot of the beetles caught at the beginning of the trapping time 
ubtracted from the growth line to show the catch rate. The curve 
on the right is the catch curve showing the cumulated beetles caught 


as ordinate against time as abscissa 
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is a plot of the data of Table IV with the smooth curve through the 
data representing equation (17). The smooth curve gives the following 
estimations: catch rate, k, 13.44 percent per day; growth rate, ky, 
1.82 percent per day; initial population per trap, 483 insects: time to 
double the number trapped after the decelerating phase, 38.1 days; 
original population, 47,231 insects; population growth, 38,245 insects 
in the 961 hours of the study; and a total catch of 85,476 insects in 
961 hours. 


Flies 
The data for flies were taken from a report by Melnick ef al (1947) 
These workers were engaged in a fly-abatement study in urban polio 
myelitis epidemics during 1945. The data used represents the control 
trapping in only one section of one city under study. The data shown 
in Table V represents the average volume in cubic centimeters of flies 


TABLE V 


CUMULATIVE FLIES PER TRAP AT THE END OF THE NUMBER OF DAYs OF TRAPPING 


Time Cc. Flies Time Cc. Flies Time Cc. Flies 
Days per Trap Days per Trap Days per Trap 


104 884 19 1427 
386 913 20 1463 
474 979 21 1476 
622 ‘ 1048 22 1487 
670 1148 23 1501 
706 1217 24 1525 
741 1294 25 1545 
780 1352 265 1575 


831 1415 


Smooth Curve 
r 
" (wx 'm \* P 
&+ 904% per day (cotch rate) 
k,*6.05% per dey (growth rote) 
e 1,*.8 doys 
polnt of Rnumum 
populotion 


6 2 4 
Time, *, doys Time,?, doys 


The curve on the left is a semilog plot t btain ints of equation 
17 The positive line is a direct plot of the flies caught near the end 
of the trapping and show the growth nsta! The negative line 

a plot of the flies caught at the beginning of the trapping time sub 
tracted from the growth line to show the catch ra The curve on the 
right is the catch curve showing the cumula flies caught as ordinate 


1 


against time as abscissa. 
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per trap cumulated by days. Figure 6 is a plot of the data of Table V 
with the smooth curve through the data representing equation (15) 
The following estimations were obtained from the fit: catch rate, 
k, 90.4 percent per day; growth rate, k;, 6.05 percent per day; initial 
population per trap (cc. flies), 523; initial population of flies in one 
square mile, based on 10 traps, 5230 cc., and at 15 flies per cc., 78,450 
flies; time to double the number of insects trapped after the decelerating 
phase, 11.5 days; population growth in 15 days, 6940 cc., and at 15 
flies per cc., 104,100 flies 


POINT OF MINIMUM POPULATION: TIME TO USE INSECTICIDES 


If trapping is used as an adjunct in control work, the most 
advantageous time for the application of insecticides may be the 
point of minimum population. For the situation where the growth 
of the insect population is small compared to the catch, the population 
is continuously reduced (until some minimum number yet to be caught). 
The time when a chosen fraction of the original population is caught 
may be readily determined and this point used for additional control 
measures. For example, 50 percent of the roaches (see Figure 2) had 
been caught at the end of 18 days. The time to reach any fraction 
caught is determined from equation (7) by rearrangement, thus 


In (1 - — k(t t') ae “Ae 5 is seek BOD 


lm 


i . : 
where ~— is the desired fraction. For the roaches 


t = 1In0.5/k = 0.69/0.038 = 18 days. 

When the growth of the insect population is fairly rapid during 
the trapping period, the point of minimum population may be 
determined from equation (15) by taking the second derivative, equating 
to zero and solving for the time. This gives 

l ; (k ‘ 

) In i 
k + ky ky 

For the trapping of the beetles previously described, solution of 
equation (17) gives 26 days as the point of minimum population 
For the trapping of flies, the point of minimum population is calculated 
to be 6.4 days. 


t = ( + t!. oT fT? 


SUMMARY 


The catching or trapping of insects apparently follows a simple 
law of chemical kinetics verbalized for insects as follows: The rate 
at which insects are caught is proportional to the insects yet to be 
caught, or to the available insects. Extending this concept to include 
two situations: (1) trapping insects when population growth is negligible 
during the trapping period, and, (2) trapping insects when population 
growth is appreciable during the trapping period, gives a general 
catch equation 


we ( k : [eX at’ 
I " k i k, i. ( = ¢ ¢ 
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where i is the number of insects caught at the end of time t; k is the 


catch rate in percent per unit time; k; is the growth rate in 
per unit time; im is the initial population of insects; and t' indicates 
the time interval for the insects to become aware of the traps. If 
population growth is negligible during the trapping period, the general 
catch equation simplifies to 


percent 


° ° it t’ 
j wg a ie 


Application of these equations to trapping data estimates, therefore, 
the overall efficiency of the trapping procedure, and estimates how many 
insects are extant. This was done for the trapping of cockroaches, 
ticks, deer flies, beetles, and flies. Further application of these equa- 
tions may indicate desirable times for additional control measures 
(with insecticides) by estimating points of minimum population or of 


reduced population by the traps 
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OVARIAN DEVELOPMENT AND OOGENESIS IN THE 
BOOK LOUSE, LIPOSCELIS DIVERGENS BADONNEL 
(PSOCOPTERA, LIPOSCELIDAE) 


RICHARD J. GOSS 
Arnold Biological Laboratory, Brown University, Providence, R. I 


INTRODUCTION 


In view of the relative lack of developmental studies on the Psocopt- 
era, the present investigation of Liposcelis divergens, a common repre- 
sentative of the order, has been undertaken in order to supplement a 
study of the embryology of this insect (Goss 1952, 1953) and to give a 
better understanding of the process of its reproduction. This particular 


species of book louse is exclusively partenogenetic, a fact which renders 


its method of o6genesis more interesting, espec lally since this process 
can now be compared with that of other members of the order which 
reproduce bisexually. Perhaps of further significance are the results of 
a study of the chromosome numbers of various species in the order, 
which indicate the possibility that all psocids possess the same basic 
number of chromosom« 

A previous paper (Goss 1952) has presented details of the material 
used as well as information concerning the histological technique and 
rearing methods employed in these investigations 


FEMALE REPRODUCTIVE SYSTEM 


3efore embarking on the detailed account of the post -embryological 
development of the ovaries and the process of o6genesis, the anatomy 
of the adult female reproductive system will be described in order that 
these processes might be more cle irly understood Noland (1924) has 
previously given a short description of the female reproductive system 
of Liposcelis divinatorius (Mull.), and Ribaga (1901) and Badonnel 
(1934) have described the same in Trichopsocus dalii McLachl. and Sten- 
opsocus stigmaticus Imhoff respectively. Thus, there is a basis for 
interesting Comparisons between these systems in both suborders (Iso- 
tecnomera and Heterotecnomera) of the Psocoptera. In the present 
study, the female reproductive systems have been ‘nvestigated in 
Liposcelis divergens and, to a lesser extent, in Ectopsocus pumilis (Banks). 
Most emphasis has been placed on that of Liposcelis, while that of 
Ectopsocus will be mentioned only as it supplements the works of Ribaga 
and Badonnel 

Each ovary consists of five ovarioles in the genus Liposcelis, as well 
as in Ectopsocus In the species of the Isotecnomera that have been 
studied, each ovariole is of the polytrophic type and produces a series 
of eggs at one time, while in Liposcelis, the polytrophic characteristic 
of the ovarioles is reduced to a condition in which only one egg 1s 
matured at once. This condition of the ovaries is reflected in the relative 
sizes of the eggs produced in various groups of psocids. Pearman (1928) 
presents some interesting figures on the sizes of a number of psocids 1n 
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relation to the sizes of their eggs. Ratios of egg size to adult size range 
all the way from 1:3.5 in the case of Liposcelis divinatorius to 1:8 in the 
case of Psocus longicornis (Fabr.). Correlated with these figures 1s 
the fact that those psocids producing eggs about one fourth the size of 
the adult or larger tend to lay their eggs singly, while those producing 
eggs one fourth the size of the adult or smaller tend to deposit their 
eggs all at one time in a cluster In the smaller species, therefore, 
there is a tendency to produce relatively larger eggs in smaller numbers, 
while in the larger species relatively smaller eggs are laid in larger 
numbers. 

Among the Hemimetabola, the polytrophic type of ovary is char- 
acteristic of the Anoplura and Mallophaga (Ries 1932) as well as the 
Psocoptera, while panoistic ovaries are typical of the Apterygota, 
Ephemerida, Odonata and Orthoptera. In the present study, a brief 
investigation of the ovaries of Zorotypus hubbardi Caudell, a member 
of the order Zoraptera which is often considered closely related to 
the Psocoptera, revealed that they are of the panoistic type. This 
evidence, although in need of additional confirmation, seems to indicate 
that the Psocoptera are more closely related to the Mallophaga and 
Anoplura than they are to the Zoraptera (cf. Goss 1953 

At their anterior, or distal ends, the ovarioles of Liposcelis (fig. 5) 
are drawn out into thin terminal filaments which join one another to 
form a suspensory ligament which is attached to the dorsal diaphragm 
in the second abdominal segment. The portion of the ovariole known 
as the egg tube consists of a germarium and a vitellarium, the latter 
containing one (in Liposcelis) or more (in Ectopsocus) follicles in which 
the eggs develop. Proximally, the egg tube joins the stalk, or pedicel, 
which extends posteriorly until it unites with those of other ovarioles 
to give rise to a very short lateral oviduct. The two lateral oviducts 
do not fuse except in the sense that they both enter the genital chamber, 
or vagina. This junction occurs in the dorsal wall of the anterior end 
of the vagina at the level of the seventh abdorninal segment. The 
vagina is a broad, flattened cavity which opens to the exterior via 
the gonopore at the posterior margin of the eighth abdominal sternite, 
or subgenital plate 

The spermathecal duct opens about two thirds of the way from the 
lateral oviduct openings to the gonopore on the middorsal surface of the 
vagina. This duct is a straight tube made up of a cuboidal epithelium 
on the inner surface of which there has been laid down a heavy chitinous 
intima. The spermathecal duct is directed anteriorly and _ slightly 
dorsally, opening into a relatively large seminal receptacle which extends 
forward on the left side of the insect as far as the lateral oviducts. Except 
in the vicinity of _he aperture of the duct where the chitinous lining 
covers a small area of the seminal receptacle, the walls of the latter are 
rather thin. It is of interest to note that the seminal receptacle is as 
well developed in a parthenogenetic species like divergens as in a bisexual 
species such as divinatorius, indicating the recent origin of partheno- 
genesis in this genus. A similar situation has been investigated in the 
Curculionidae by Lenkowa (1950) who found that in Polydrosus mollis 
Strém, which is parthenogenetic, the reproductive anatomy is unchanged 
from that of bisexual species in the same genus. As far as could be 
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ascertained, the seminal receptacle serves no function in L. divergens, 
but in L. divinatorius Noland (1924) reports that in cleared whole mounts 
of females the sperm could be observed through its thin walls. Ina 
species believed to be the same one on which Noland worked, sperm were 
found in the lumen of the pedicel of an ovariole containing a mature egg, 
in addition to being in the seminal receptacle 

Associated with the gonopore are two lateral gonapophyses, and the 
subgenital plate underlying them. Attached to the inner surface of the 
subgenital plate at its midcaudal edge, is a T-shaped sclerite. This 
structure is rather simply constructed in Liposcelis, but in members of 
the Isotecnomera it assumes elaborate shapes. 

Histologically, the structure of the ovariole varies according to the 
degree of development of the egg within it. The changes taking place 
in the ovariole in response to the growth of the ovum will be discussed 
later. It will serve the present purpose to describe the cellular structure 
of an ovariole containing a fully matured egg ready to be laid. 

The ovariole consists of two basic types of tissues: those derived from 
the primary germ cells and those which are mesodermal in origin. The 
latter constitute the tissue enveloping the ovariole which consists of a 
very thin, membranous covering about the germarium, and a cuboidal 
or squamous epithelium covering the vitellarium. At the junction of 
the germarium and vitellarium, the ovariole is markedly constricted and 
the epithelial sheath in this area is thickened to form an apparently 
solid core of cells The nuclei in this region are flattened transversely 


and mitotic figures are occasionally encountered. As far as can be 


seen, this core of cells is solid, there being no lumen connecting the 
two main parts of the ovariole 

The follicular epithelium is stretched thinly over the egg and its 
nurse cells so that it approaches the squamous condition. The 
nuclei are round and broadiy oval, measuring 10-13 4 in diameter 
and about 2 win thickness. They are filled with a rather dense accumu- 
lation of irregularly shaped chromatin granules. In surface view, 
these cells are polygonal (usually hexagonal) in shape, and in their 
cytoplasm, when stained with hematoxylin, basophilic granules can be 
observed. In the region of the nurse cells, the follicular epithelium 
is extremely thin, amounting to little more than a membrane. The 
follicular cells have grown inward between the nurse cells and the 
mature egg, but not ever enough to separate completely these two 
components of the vitellari1um 

At the posterior end of the egg chamber, the cells of the follicular 
epithelium are not quite so stretched as elsewhere, and their nuclei tend 
to be thicker and smaller in diameter. At the junction of the ovariole 
pedicel, the epithelial cells form a plug in which nuclei are arranged 
transversely. The walls of the pedicel are made up of a cuboidal 
epithelium which is capable of a great deal of distention when the egg 
passes through. Prior to oviposition, the lumen widens and the epi- 
thelium becomes thinner. While the nuclei of the pedicel wall are 
round, or nearly so, those in the lateral oviduct are characteristically 
oval and spaced farther apart. The walls of the latter structure appear 
to be lined with a thin layer of muscle 

The inner surface of the vagina is lined with a relatively thin epi- 
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thelial layer except just posterior to the point where the lateral oviduct 
enters Here there is located a thickening in the vaginal wall composed 
of columnar cells with large, oval nuclei. It is possible that this struc- 
ture is associated with the secretion of a fluid used to lubricate the egg 
during oviposition and to cement it to the surface on which it is depo- 
sited. 

The body of the ovariole consists, in addition to the epithelial 
sheath, of cells all derived from the primary germ cells. These cells may 
be divided into two kinds according to their future development, namely, 
those ‘destined to become eggs and those which will differentiate into 
nurse cells. In the distal end of the germarium, it is impossible to dis- 
tinguish between these two components, although they present a variety 
of appearances according to their nuclear constituents. They all have 
spherical, or only slightly distorted, nuclei, surrounded by a small 
amount of cytoplasm. Within these nuclei is chromatin material in 
various configurations. In the cells nearest the apex of the ovariole, the 
chromatin material usually exists as a clump of irregular, slightly stringy 
bodies centrally located in the nucleus and in varying degrees of com- 
pactness. These cells represent the undifferentiated germ cells and 


exhibit a variety of appearances according to the condition of the ova- 
riole. Occasionally, mitoses are observed among them, and not infr 
quently, degenerating cells are noticed. 

The cells of the germarium become larger as they move posteriorly 
In the central region, the nuclei are quite large and their chromosomes 
represent a tangled, stringy mass often eccentric ally located in the other- 


wise empty nucleus. The cells of this type appear to be in a group 
separated from those smaller, more distal cells described above. Like- 
wise, they are more or less separated from the larger cells proximal 
to them. 

These latter cells, which have rather large, slightly oval nuclei, 
always occur in groups of four, and there is little doubt that they are to 
give rise to the next egg to develop plus its three accompanying nurse 
cells. At this stage, however, they are usually undifferentiated except 
that the most proximal one tends to be more spherical and smaller than 
the rest. This cell we may designate as the oécvte (fig. 4), while its 
three neighboring cells may be termed the presumptive nurse cells. All 
four of these cells have nuclei containing granular, slightly stringy 
chromatin, usually located about the nuclear periphery The o6cyte 1: 
surrounded posteriorly by the cells of the « pithe lial sheath which have 
formed a core of cells at the proximal end of the germarium. Most of 
these cells will give rise to the follicular epithelium of the future ovum 

The vitellarium contains two kinds of cells: the nurse cells and the 
ovum. At the advanced stage of egg development under discussion, 
the nurse cells are undergoing disintegration (figs. 8 and 9). Their 
nuclei have rounded up, and in some cases have apparently split into a 
number of oval or spherical bodies Thus, the area once occupied by 
the nurse cells is now only a mass of dense, pycnotic, Fuelgen-positive 
bodies. In some instances, there is evidence that some of the adjacent 
follicular cells have also undergone the same degenerative proces: 
These deteriorating cells represent the initial formation of the corpu 
luteum, which, after the egg has been laid. is located just dorsal to the 
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yical corpus luteum appears oval in longitudinal section and 


1 


measures about, 50 4 long. The degenerating cells of which it is com- 


posed are arranged in a rosette pattern, the long axes of the nuclei 
oriented radially about the center of the structure The central region is 
mostly cytoplasmic, with fragments of Feulgen-positive material scat- 
tered through it, while the cortical region, peripheral to the degenerat- 
ing nuclei, characteristically consists of a layer of large vacuoles which 
give the surface of the corpus luteum a scalloped appearance 

Whether or not these degenerating follicle cells lose connection with 
the rest of the ovariole could not be. determined. In one instance, a 
very thin strand of cells was found extending from the corpus luteum 
dorsally and anteriorly, but it could not be traced to any definite struc- 
ture. It seems probable that the epithelial sheath cells of the ovariole 
are stretched when the follicular cells consolidate to form a corpus 
luteum, but it would also appear that, upon complete degeneration of 
the follicle cells, a new connection would have to be established between 
the lateral oviduct and the newly formed pedicel of the ovariole. Unfor- 
tunately, these problems could not be studied with any degree of accu- 
racy in the present investigation 


POSTEMBRYONIC DEVELOPMENT OF THE OVARIES 


In the first instar nymph, the ovaries are small, elongate, paired 
tructures lying laterally in the body cavity in the fourth to seventh 
abdominal segment Figure | is an illustration of a longitudinal section 
through such an ovary. It is 57 uw long and 14 uw thick, being rounded 
at its anterior end and somewhat pointed posteriorly. Ensheathing the 
ovary is a very thin layer of squamous cells. Within this outer covering 
are relatively large cells consisting of large nuclei and only small amounts 
of cytoplasm These are all derivatives of the original germ cells, and 
are beginning to differentiate. The nuclei are all clear, and the chro- 
matin within them presents a variety of appearances. Frequently 
there are chromosomes grouped together to form a centrally located 
cluster, while in other nuclei there are irregularly shaped pieces of 
chromatin material scattered more or less evenly throughout the nucleus 
In still other cells, the chromosomes are long and filamentous. All of 
these types of cells are dispersed at random throughout the ovary; 
mitotic figures however, when they are encountered, generally occur at 
the anterior end 

At about the time of the first molt, the ovary has grown to about 
70 w in length and has begun to differentiate. Clefts appear in its dorsal 
surface which penetrate three fourths of the way through the ovary, 
thus dividing it into five rudimentary ovarioles (fig. 2). The most 


EXPLANATION OF PLATE I 


Fic. 1. Ovary of a first instar nymph; longitudinal section x 580 
Fic. 2. Ovary of a second instar nymph, showing subdivision into five ovarioles; 
longitudinal section x 580. Fic. 3. Ovary of a third instar nymph; longi 
tudinal section x 580. Fic. 4. Ovary of a fourth instar nymph; longitudinal 
section x 5RO Fic. 5 Female reproduc tive system and external genitalia; 
ventral view x 135 
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AN—anus OOC—oocyte 
CLX—calyx OV L—ovariole 
DC—degenerating cell PCL—pedicel 
EC—egg chamber SCL—sclerite of subgenital plate 
GER—germarium SGP—subgenital plate 
LG—lateral gonopophysi: SL—suspensory ligament 
LOD—lateral oviduct SR—seminal receptacle 
NC—nurse cell chamber TF—terminal filament 
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posterior of the ovarioles is the largest, indicating that subdivision of the 
ovary into ovarioles begins at the proximal end. Each of these small 
ovarioles terminates in a small strand of tissue which will give rise to 
the terminal filaments The ventral surface of the ovary, being 
unmarked by the cleavage, appears straight and horizontal. It is evi- 
dently homologous to the calyx of the ovaries of more primitive insects 
such as the Ephemerida, Dermaptera, Plecoptera and certain Orthoptera 
(Snodgrass 1933 Encasing the whole ovary, including each ovariole 
separately, and especially prominent along the ventral surface, is the 
thin epithelial sheath. As in the first instar ovary, the germ cell nuclei 
are of several types depending on the configurations of their chromatin 
material. There is little differentiation of these cells from one region 
of the ovary to another, except that those nuclei with chromosomes 
densely clustered together centrally or eccentrically, tend to be more 
characteristic of the distal ovarioles In the most proximal ovariole, 
the cells with chromosomes in the long, filamentous condition predomi- 
nate. Extending from the posterior (proximal) end of the ovary is the 
rudimentary vedice ‘1, but this structure is very short and fades out into 
the fat bodies adjoining the ventral body wi ill of the insect 

In the third instar nyn ph, t the « ovary has reached a length of 95 yu 
The ventral surface of the ovary is no longer horizontal due to 4 dorsal 
movement of its distal end (fig. 3). Each ovariole, especially the 
proximal ones, is now distinctly located on a stalk, or pedicel, derived 
from the epithelial sheath cells along the ventral portion of the ovary 
These pedice ls join a common strip ol tissue, the calyx, which extends 
in a straight line in the ventroposterior direction. In the most poste- 
rior ovariole, the nuclei are quite large and the chromosomes are stringy 
and tend to be accumulated about the nuclear membrane. Although 
there is very little difference between these nuclei, one of them is situated 
at the base of the ovariole, partially surrounded by epithelial sheath 
cells. It is highly probable that this is the incipient odcyte, while its 
sister cells above it are primordial nurse cells 

Further development of the ovary is characterized by growth in 
length, both of the ovarioles and the ovary. In the fourth instar nymph, 
the ovarioles attain a length of 45 « while the ovary as a whole reaches 
140 win length. The growth of the latter is accomplished by extension 
of the calyx which connects the pedicels of the individual ovarioles 
Thus, at this stage, the ovary (fig. 4) consists of a calyx with the ovarioles 
branching off dorsally along its length. Proximally, the calyx is 
quite thick and constitutes what will become the oviduct. More 
distally it is rather narrow but already appears to be tubular due to the 
peripheral orientation of its cells 

The lengths of the pedicel: appear to be a function of the location 
of the ovarioles in the ovary The more distal (anterior) the ovariole, 
the longer its stalk. However, there is little correlation between the 
state of development of the ovariole and its location in the ovary. In 
figure 4, the third and fourth ovarioles are the most advanced, while 
the others show no signs of producing definitive oédcytes. The first and 
second ovarioles contain a number of degenerating cells, in addition to 
the normal complement of diverse, undifferentiated cells. The fifth 
ovariole likewise has a few degenerating cells The third and fourth 
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ovarioles, however, have begun to form eggs, a condition characterized 
by the differentiation in the basal region of an o6cyte and three nurse 
cells. The fourth ovariole is slightly less advanced than the third in this 
respect, since its nurse cells are smaller, and it is noted that several 
degenerating cells occur just distal to the nurse cells. Thus, the only 
ovariole not containing degenerating cells, 7.e., the third, is the one 
which contains the most advanced oécyte 

In this insect it will be remembered that only one egg reaches 
maturity atatime. From the foregoing evidence, there appears to be a 
competition between the ovarioles, with one of them eventually gaining 
the upper hand and producing an egg, while the others are compelled to 
maintain merely their status quo while their incipient odcytes and 
nurse cells degenerate. The factors determining which ovariole will 
eventually produce the egg are unknown. ‘The first egg is apt to arise 
in any one of the ovarioles, and it appears almost as if it were a matter 
of chance. However, it would seem probable that when one odcyte 
reaches a certain stage of development that a resulting inhibitory 
effect arrests the development of the odcytes in the other ovarioles 
Presumably, this effect influences ovarioles in both ovaries 

This effect appears to diminish in adults, for in them it 1s more 
common to find one egg fully developed in one ovary, while in the other 
ovary there is an egg about half way developed (fig. 5) Despite the 
fact that there is often a gradation of developmental stages of eggs in the 
various ovarioles, only one reaches maturity at any given time. It 
is not uncommon, especially in young adults, to encounter degenerating 
nuclei among the cells of the germarium. Stevens (1905) describes 
similar degenerating cells in the ovaries of Aphis, but states that their 
significance is uncertain. However, such cells are by no means a 
constant character in insect ovaries, for they have rarely been men 
tioned in the literature 

Only minor changes occur in the final development of the ovaries 
in young adults. The pedicels of the ovarioles elongate so that they 
all become approximately the same length, and in so doing their junc- 
tions with the lateral oviduct migrate more and more proximally so 
that eventually (in adulthood) they all arise from the same region of the 
lateral oviduct (fig. 5) 


GROWTH OF THE OVUM 

As stated above, the oécyte arises in a group of four cells, and is at 
first indistinguishable from those destined to become nurse cells. Dif- 
ferentiation first takes place as the presumptive odcyte becomes situated 
more basally in the ovariole than the other three, which develop into its 
nurse cells. There are no signs prior to this time of any differentiation 
between these cells, and it appears that the selection of the cell to become 
the odcyte is determined by its chance location in the ovariole. Shinji 
(1919) describes a similar situation in coccids in which oécytes are 
produced in groups of four or five, the most proximal one becoming 
the definitive odcyte, while the others are transformed into nurse cells 

When first differentiated, the egg nucleus measures about 6 uw x 8 u 
and is situated within the incipient layer of follicular epithelial cells 
which form a cuplike structure about it (fig. 4). The nucleus of the 
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oocyte will remain about the same size throughout the early stages in 
the growth of the egg, while the nurse cells exhibit a rapid growth in 
volume during this period 

The nurse cells are first differentiated from the odcyte in that they 
have within t] ieir nuclei irregularly dispersed c hromatin granules, while 
the odcyte is characterized by a stringy appearance of its contained 
chromatin material. This tends to be situated chiefly about the peri- 
phery, is not uncommon to find a strand or two of ee 
crossing near the center of the nucleus. At first, neither the egg nucleus 
nor the nurse cell nuclei have very much cytoplasm around them. As 
development progresses, however, the egg accumulates cytoplasm in 
the form of yolk while the nurse cells increase in size primarily due to 
the growth of their nucle1 

Before yolk accumulation can start, the nurse cells become quite 
large, indicating the dependence of the growth of the egg on these cells 
They soon reach a length of up to 25 yu and contain large, irregularly 
branched nuclei (fig. 6). They become _— : teristically arranged in a 
triangular fashion, there bein g two basal cells abutting g onto the = 
itself and one apical cell The basal ie are usually rectangular i 
shape, measuring about two or three times as long as wide, while 
apical cell generé ally remains isodiametric 

That yolk is elaborated by the nurse cells rather than the follicular 
epithelium is e oon first, by the fact that the former betray a very 
active condition by their rapid increase in size just prior to yolk for- 
mation, and secondly, by the similz irity in staining reaction of the yolk 
in the egg and the cytoplasm of the nurse cells. Moreover, in certain 
ea parations, very definite strands of yolky material can be seen extend- 

ng from within the cytoplasm of the nurse cells into the yolk of the egg 

As the nurse cells increase in size, their nuclei become more and more 
irregularly shaped, and the chromatin granules within the nuclei tend 
to be concentrated peripherally. Finally, the nuclei form fingerlike 
projections into the cytoplasm and often develop infoldings. Thus} in 
section, they appear as ramifying structures occupying most of the cell 
The cytoplasm is densely filled with small basophilic granules which 
probably represent a stage in the elaboration of volk particles. 

sy the time the egg has grown to about the size of one of the nurse 
cells (ca. 30 4 long), the nuclei of the latter have become so infolded 
that, in section, they appear U- or C-shaped (fig. 6) The formation 


EXPLANATION OF PLATE II 
Fic. 6. Ovariole containing greatly enlarged nurse cells and a young egg; 
longitudinal section x 840. Fic. 7. Ovariole in which the nurse cells have 
reached their maximum development; longitudinal section x 840. Fic. 8 
Anterior end of vitellarium, showing the initial degeneration of the nurse cells; 
longitudinal section x 840. Fic. 9. More advanced nurse cell degeneration; 
longitudinal section x 840. Fic. 10. Germinal vesicle in which the chromatin 
beginning to condense about the nuclear membrane x 975. Fia. 11 Older 
germinal vesicle with filamentous chromosomes on the nuclear membrane. X 975 
Fic. 12. Germinal vesicle (on egg’s periphery) with long, irregular chromosome: 
975 Fic. 13. More advanced germinal vesicle containing 18 short, oval 
chromosome x 975. Fic. 14. Germinal vesicle in the metaphase of the 
naturation division x 975 
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inner cytoplasmic mass nearly surrounded by the nucleus is not 
characteristic of the nurse cells of Liposcelis, but is also typical of 
ovarioles of other psocids investigated. When the egg becomes 
ut 130 ¢ long, a few small vacuoles appear in the inner cytoplasmic 
es of the nurse cells which grow and fuse with one another to form 
a large vacuole measuring up to 11 yw in diameter by the time the egg is 
two thirds formed. At this time the nurse cells have attained their 
maximum development (fig. 7) and before long will begin to dege-1erate 
Their nuclei are extremely irregular in shape, usually nearly 
These masses are never 
separated from the rest of the nurse cell, but always main- 
tain a cytoplasmic isthmus through the opening in the nucleus. As a 
rule, these openings in the C-shaped nuclei of the three nurse cells tend 
to face one another, those in the basal cells being directed inward and 
lightly distally in the ovariole, while that of the apical cell faces proxi- 
mally 
The nuclei of the nurse cells contain numerous chromatin granules 
which tend to be concentrated peripherally, but which are frequently 
arranged in moniliform strands crossing from one side of the nucleus to 
the other. These configurations give the impression that the central 
areas of the nucleus pre »bably contain vacuoles which displace the chro- 
matin material. Large, irregular chromatin bodies were not encoun- 
tered here, as was found by Ries (1932) in Menopon and Nirmus 
(Mallophaga) and in Linognathus (Anoplura). In the various members 
of these two orders, Ries found the nurse cells to be very similar to those 
of the Psocoptera, although there are characteristically five of them 
instead of three. In Menopon and Nirmus the nurse cell nuclei enclose 
within them a large mass of cytoplasm as do those of the Psocoptera, 
while in Linognathus this tendency is less pronounced, although the 
nuclei become very irregular in shape 
As yolk begins to accumulate, the egg nucleus becomes spherical 
and its chromatin material appears as filamentous strands more or less 
peripherally located. Two round nucleoli, measuring about | uw in diam- 
eter, become evident in the nucleus. The yolk appears as a dense, 
basophilic substance heavily concentrated in the distal end of the egg, 
nearest the nurse cells. In the proximal end of the egg numerous small 
vacuoles are evident, giving the yolk in this region a reticulate appear- 
ance. The nucleus is centrally located, and is nearly as wide as the egg 
itself 
The yolk which accumulates around the odcyte nucleus is at first 
practically homogeneous, except for many tiny vacuoles scattered 
through it. By the time the egg reaches a length of about 65 uw there 
can be discerned along its surface a layer of vacuoles varying from less 
than one to 3 yw in diameter (fig. 7). These increase in number and size, 
and eventually become scattered throughout the yolk. They are clear 
and empty, and probably represent the negative impressions of fat 
globules 
Before the egg reaches a length of 100 uw, globules appear in the yolk 
which stain slightly pink with the Feulgen reaction. The future growth 
of the egg is accomplished primarily by increase in the sizes of these 
yolk globules. Many reach a diameter of 15 u-18 uw, but in the mature 
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egg they average about 12 4in diameter. As a result of their expansive 
growth, the cytoplasm of the egg is forced into narrow strands and 
stellate configurations between the globules. The vacuoles in this 
cytoplasm are scattered at random throughout the egg. In the mature 
ovum, there is no correlation between the sizes of the vacuoles or globules 
and their locations in the egg. The cytoplasm which is distributed 
throughout the interglobular spaces in the egg is slightly concentrated 
in a thin layer about the surface of the egg, thus constituting the peri 
plasm, or ‘‘Keimhautblastem.”’ It is also concentrated about the germi- 
nal vesicle. 

Accompanying the rapid growth of the ovum are changes in the 
follicular epithelium. At first, it adjusts to the increasing volume of 
the egg by cell divisions. Around one young egg some 200 follicle cells 
were counted, of which 10 were in mitosis, while surrounding a slightly 
older egg 19 mitotic figures were found among the 290 follicular cells 
counted. However, soon after this no more mitoses are encountered 
among the follicular cells, and they are forced to react to the egg’s 
growth by stretching. In the early stages, the follicular nuclei are 
round or cuboidal, measuring about 34x 3m. As soon as cell divisions 
cease, however, the nuclei become oval and later on they are forced to 
flatten out tangentially. When the egg reaches a length of 100 wu the 
follicular nuclei average 4 u in diameter and about 34 thick. Subse- 
quent flattening results, eventually, in squamous follicular cells with 
nuclei measuring 10 u-12 uw across and only 2 uw thick 


STRUCTURE OF THE EGG 

When newly laid, the egg is a very fragile structure. Its chorion 
is extremely thin and is easily ruptured if the egg is handled carelessly 
When broken, the contents of the egg quickly flow out in a drop, indi- 
cating that the yolk within the egg is under considerable pressure 
The yolk consists of numerous globules and vacuoles in a fluid matrix, 
all of which appears colorless in the living egg. When teased with a 
needle, the yolk proves to be a somewhat adhesive, elastic fluid 

In order to observe the undisturbed contents of living eggs, adults 
were induced to deposit their eggs on the undersides of cover slips 
In this manner, the portion of the egg’s surface adhering to the cover 
slip served as a window so that when viewed from the opposite side the 
contents could be clearly seen. The most conspicuous structures in the 
yolk are the numerous globules which diffract the light and become 
clearly visible. They vary greatly in size, ranging from tiny ones about 
1 w in diameter to giant ones measuring 18 uw across. So densely packed 
are these globules that some are slightly distorted due to mutual pres- 
sures. In the newly laid egg most of these globules are composed of a 
homogeneous material, although a very few sometimes contain vacuoles 
As the egg develops, these vacuoles become more numerous so that even- 
tually nearly all the yolk globules are crowded with them. This condi- 
tion 1s probably associated with the digestion of the yolk by the growing 
embryo 

Sectioned and stained material reveals that the yolk globules consist 
of a variety of substances, for they react positively to a large number 
of stains. They take both hematoxylin and eosin, indicating that both 
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basophilic and acidophilic materials occur in them, and they frequently 
stain lightly with Feulgen in the early developmental stages, indicating 
the presence of desoxyribo-nucleic acid. When treated with iron hema- 
toxylin they become solid black, while Mallory’s triple stain colors , 
some yolk globules red, some blue and others orange 

In sections, the sparse protoplasmic contents of the egg appear 
thinly distributed between the yolk globules, but around the surface 
this material forms a thin periplasm (figs. 8 and 9). It is in this latter 
region that the germinal vesicle is located. The outer surface of the 
periplasm is an extremely thin limiting membrane that may be referred 
to as the vitelline membrane. Outside this, usually separated from it 
by fixation, is the chorion, which measures a fraction of a micron in 
thickness. The chorion is a smooth cuticular membrane which is 
unmarked on its external surface by the follicular cells of the ovariole. 
Although many insect eggs exhibit various patterns of sculpturing due 
to the impressions of the follicular epithelium, only a few psocid eggs 
show this characteristic. Micropylar openings were not found in the 
chorion, nor have they been reported in psocid eggs anywhere in the 
literature 


ORIENTATION OF THE EGG 


The egg of Liposcelis divergens is slightly more pointed at one end 
than at the other, thus making it possible to distinguish the anterior and 
posterior poles. However, in cross section it is perfectly round so that 
it is impossible to differentiate the transverse and dorsoventral axes of 
the egg by its shape. As it is formed in the ovariole, the narrower 
end of the egg is directed anteriorly with reference to the mother, and 
this end corresponds to the anterior end of the embryo. In this respect, 
the egg conforms to the law of orientation of the ovum postulated by 
Hallez (1886) who stated that the three axes of insect eggs coincide 
with those of the mother 

Due to the lack of distinguishing structures in the egg, it is very 
difficult to determine its two shorter axes in relation to the mother 
Superficially, at least, it appears that the transverse and dorsoventral 
axes may not conform to Hallez’s law, since the egg seems to be 
laid in the same relative position that it occupied in the mother, 
and yet when ready to hatch, the embryo is so situated that its 
ventral side is up and its dorsal side is against the substratum. If 
Hallez’s law were to hold, one would expect the ventral side to be under- 
neath, thus corresponding to the position of the mother during ovi- 
position 

There seems to be only two possibilities that could account for this 
discrepancy. Either the egg gets turned around while it is passing 
through the oviduct and vagina, or it is disoriented as it is deposited 
The latter possibility may be excluded since oviposition has been 
observed and the eggs definitely adhere to the substratum in the same 
position in which they were extruded from the gonopore. Regarding the 
former possibility, it could not be determined whether or not the eggs 
are rotated 180° during their passage from the ovariole to the outside, 
but this must happen if Hallez’s law is to apply in this case. However, 
this law has its exceptions, as shown in Pyrrhocoris apterus by Seidel 
(1924) and in Pteronarcys proteus by Miller (1939) 
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In order to correlate the axes of the dep sited egg with those of the 
unlaid egg, a point of reference is necessary. The only possible one 
appears to be the location of the germinal vesicle in the undeposited 
egg, or of the polar body in the developing egg, both of which occupy 
the same position. In the mature, unlaid egg the germinal vesicle is 
situated on the periphery, usually on the dorsal or dorsolateral side in 
relation to the mother’s body. It is located more or less midway bet- 
ween the two poles, nearly always slightly displaced toward the pos- 
terior pole and rarely in the anterior half of the egg. Therefore, if the 
position of the polar body could be determined in respect to the develop- 
ing embryo, the orientation of the latter in relation to the mother 
could be ascertained. 

Unfortunately, the polar body degenerates before the definitive 
embryonic germ disc is formed, but, as indicated in a previous paper 
(Goss 1952), the polar body in the developing egg appears to be located 
on the dorsal side. This conclusion has been reached as a result of cell 
counts, made during the late cleavage and early blastoderm stages of 
embryonic development, which have revealed that the nuclei tend to 
become most concentrated on the side of the egg opposite the polar 
body. This nuclear concentration foreshadows the formation of the 
germ disc, which is always situated on the ventral side of the egg. This 
being the case, it appears that Hallez’s law holds true in this instance, 
and there is no choice but to assume that the egg is rotated about its 
polar axis 180° while passing from the ovariole to the exterior 

One last point regarding the location of the polar body should be 
mentioned, namely that in most insects so far investigated, the polar 
body is located on the dorsal side of the egg. Although very few authors 
have bothered to state where the polar body was situated, a few refer- 
ences to this have been found in the literature. In Blatta germanica 
(Wheeler 1889), Eutermes (Knower 1900), Melophagus ovinus (Lassman 
1936) and Drosophila melanogaster (Sonnenblick 1950) the polar bodies 
have been found to occupy a position on the dorsal side of the egg 
In coccids (Shinji 1919) and in the stonefly, Pteronarcys proteus (Miller 
1939) the polar bodies were produced on the ventral side of the egg 


MATURATION 

The egg nucleus in the rudimentary egg is slightly oval and is cent- 
rally located in the yolk (fig. 6). At this early stage there is no Feulgen- 
positive material in the nucleus, but a few basophilic particles can be 
seen in preparations stained with hematoxylin. As soon as the nucleus 
begins to move toward the egg’s surface it commences to enlarge, and 
by the time it reaches the periphery, it measures from 15 w-18 uw along 
its greatest dimension, as compared with a diameter of about 10 u when it 
was centrally located. This migration of the germinal vesicle becomes 
evident when the egg is about. 65 uw long, and as it approaches to within 
about 4 uw of the surface it becomes slightly distorted due to the pressure 
of the yolk globules (fig. 11). The nucleus remains for a while about 
2 u from the surface and finally merges completely with the periplasm 
when the egg is about two-thirds grown (fig. 12) 

As the germinal vesicle migrates to the surface, the nuclear mem- 
brane becomes more distinct and the nucleoplasm becomes homogeneous 
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Presently, very small, Feulgen-positive bodies appear as raised areas 
on the inside surface of the nuclear membrane (fig. 10). These become 
increasingly conspicuous, and by the time the nucleus reaches the surface 
of the egg, they have transformed into lightly stained chromosomal 
filaments located along the inside surface of the nucleus (fig. 11). These 
thin chromosomes become shorter and progressively more distinct as 
the nuclear membrane disappears (fig. 12), and eventually become small, 
nearly oval bodies scattered peripherally throughout the cell (fig. 13) 
By this time, the cytoplasmic area containing the chromosomes measures 
up to 20 yu across, while the egg measures about 250 u long. It is at 
this stage that the chromosomes can be most easily counted, the number 
observed being 18 As the egg completes its growth, the chromosomes 
in its germinal vesicle begin to converge. By the time the egg has 
reached its maximum size, the chromosomes have arranged themselves 
on a metaphase plate (fig. 14). At this stage the egg is laid, for both 
laid and unlaid eggs have been found in the metaphase of the maturation 
division 

In most cases the spindle of the maturation division lies parallel to 
the egg’s surface and to the longitudinal axis of the egg, although two 
instances were encountered in which they were perpendicular both to the 
surface and to the longitudinal axis. In most insects, the spindles of 
the maturation divisions are perpendicular to the egg’s surface, but in 
some cases they are differently oriented, e.g., in Corynodes pusis (Pater- 
son 1935) they lie parallel to the surface, and in the aphid, Melano- 
vanthus, Tannreuther (1907) reports the constant occurrence of this 
parallel arrangement of the maturation spindles. Schdélzel (1937), in 
his study of the embryology of the Anoplura, states that the spindle 
of the first maturation division lies parallel to the surface, and Miller 
(1939) states that in the stonefly, Pleronarcys proteus, the spindles are 
parallel to the surface at first, but during the maturation division they 
rotate to a position normal to the egg’s surface. 

In the metaphase of the maturation division of Liposcelis, the 
chromosomes and the spindle are located in an oval area embedded in 
the periplasm (fig. 14). In the metaphase plate, which measures about 
4.5 w across, the chromosomes are rather well spaced so that they can be 
counted without difficulty. After division, the polar body remains on 
the surface while the egg nucleus leaves the area and migrates into the 
yolk. The cytoplasm surrounding the polar body remains as a more 
or less spherical area in the periplasm, protruding slightly into the yolk. 
Within this area, the chromosomes become so compactly arranged that 
they fuse with one another to give rise to a small, round or slightly dis- 
torted, densely staining body. This polar body does not divide, but 
persists until blastoderm formation is completed, eventually degenerat- 
ing without having been extruded from the egg. 


GAMETOGENESIS IN THE PSOCOPTERA 
Parthenogenesis is not an uncommon phenomenon in the Psocoptera 
Although there is little or no concrete evidence to support the existence 
of facultative parthenogenesis, it seems likely that this may take place in 
such species, as cited by Badonnel (1938), in which males are rare. That 
obligate parthenogenesis commonly occurs is undisputed, since so many 
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species of psocids are represented only by females. For example, 
Sommerman (1944) states that in 16 out of the 42 species in the family 
Psocidae, the males are unknown. 

In the case of Liposcelis divergens, parthenogenesis is believed to be 
exclusively thelytokous, diploid and obligate. Experiments designed 
to attempt to produce males, if possible, by subjection to cold tem- 


teratures, have been in vain 

Cytological studies of the maturation of the egg of this insect reveal 
that the chromosome number is 18 at the prophase of the first metotic 
division. Only one maturation division occurs, and the polar body pro- 
duced later degenerates without dividing. The second maturation 
division is omitted, and with it reduction division, so that the somatic 
number of chromosomes is also 18. That this represents the diploid 
number is borne out by the fact that females of the species believed to 
be the one on which Noland (1924) worked were discovered to possess 
mature, unlaid eggs with 9 chromosomes in the metaphase plate of the 
maturation division. Thus, it appears that the eggs of this bisexual 
species are haploid, while parthenogenetic species produce diploid eggs 

Boring (1913) studied spermatogenesis in Cerastipsocus venosus 
(suborder Isotecnomera) and discovered that the male is the hetero- 
gametic sex, some spermatozoa containing 8 chromosomes, others 9 
The extra chromosome here is smaller than the rest and undoubtedly 
represents the sex chromosome. No other chromosome numbers for 
the Psocoptera have been reported in the literature, but in the present 
investigations, the males of Ectopsocus pumilis were found to be the 
heterogametic sex, with the sperm containing the same number of 
chromosomes as those of Cerastipsocus; moreover, the unlaid eggs of 
this species possess a germinal vesicle with 9 chromosomes 

Therefore, it appears permissible to make the generalization that 
all members of the order Psocoptera probal ly possess the same basi 
number of chromsomes. Thus far, the results of investigations of two 
species from each suborder, representing three genera, are in agreement 
with the fact that males possess 17 chromosomes in the diploid condition 
(producing two types of spermatozoa) and that females have a diploid 
number of 18, and produce haploid eggs with 9 chromosomes in bisexual] 
species and diploid eggs with 18 chromosomes in parthenogenetic species 
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SUMMARY 


| In Liposcelis, each ovary consists of five ovarioles of the poly- 
trophic type, in which only one egg develops at a time, as opposed to 
those in the suborder Isotecnomera in which a series of eggs mature 
simultaneously in a given ovariole 

2. Of four cells which are produced at the proximal end of the 
ovariole, the one which becomes most basally located gives rise to the 
oocyte while its three sister cells develop into nurse cell: 
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3. The nurse cells are very similar in structure to those of the Ano- 

plura and Mallophaga, and are responsible for the elaboration of yolk 
in the growing ovun 

!. It is concluded that the egg, when laid, is rotated 180°, since 

the germinal vesicle is located dorsally in the unlaid egg (in relation to 

the mother), while in the deposited egg the polar body, which occupies 

the same dorsal position, is situated against the substratum underneatl] 

Since Liposcelis divergens Yr pre duces by parthenoge nesis, there is 

me maturation division, which progresses to the metaphase prior 

to oviposition. This division is equational and is therefore responsible 


for the production of a diploid egg containing 18 chromsomes 


{ 
0 In contrast to this situation, femal psocids of bisexual species 


produce eggs which are haploid, while males, which possess 17 chromo 
somes, produce two types of spermatozoa, some with 8 and others with 
9 chromosome: These conditions are adhered to by all psocids thus 
far investigated, and mav well hold true for all members of the ordet 
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INTERNATIONAL UNION FOR THE STUDY OF SOCIAL INSECTS 


t 


lhe number of scientists interested in the investigation of problem 
the social insects, and the variety of interests among these individua 
increased sufficiently to create a demand for an international 
coordinate their efforts and facilitate the study of such problen 

After a preliminary meeting at the 1951 International Congre 
in Amsterdam, the organization of national branches proceeded 
many, Italy, the United States, and other countrie The International 
through which these branches are now associated has its office in Pari 
Boulevard Raspail, at the laboratory of Dr. Pierre-P. Grassé, who is President of 
the international organization. 

The principal objective of the International Union is to encourage the scier 
tific study of problems concerning the social insects including all phases of their 
biology, ecology, taxonomy, and behavior, and to facilitate the exchange of evi 
dence and ideas in this general field through conferences and appropriate pub 
lications. The organization will thus foster communication within a large anc 
heterogeneous international body of scientists interested in the social insects and 
related forms Previously, articles published on subjects cognate to the social 
insects have been scattered through a considerable number of highly diversified 
journals, and integration has been correspondingly limited among the interested 
investigators and students themselve: 

An introductory Bulletin of three numbers was published in France during 
1953 and issued to members through the Paris office. Beginning in 1954 an illu 
trated journal of 320 pages entitled ‘‘Insectes Sociaux’’will be published by Massor 
and issued in an annual volume of quarterly numbers. Subscriptions to this jour 
nal may be arranged through Stechert-Hafner, 31 East 10 Street, New York 

Two international symposia on the social insects have been sponsored by thi 
organization and a third is to be held in conjunction with the next International 
Congress of Entomology. The North American branch sponsored symposia at 
the meetings of the Entomological Society of America in Philadelphia in 1952 and 
in Los Angeles in 1953, and further ones will be held. Comparable conferences are 
organized periodically by the other national branche 

Those who are seriously interested in the scientific study of problems pertain 
ing to the social insects may apply to the Secretary of the North American branch, 
Dr. Robert E. Gregg, Department of Zoology, University of Colorado, Boulder, 
Colorado, for membership application blanks. Members of the organization, in 
consideration of a modest annual dues payment, receive the ‘‘Notes and News"’ 
sections of the journal. 

The North American branch invites the interest of prospective member 
Canada, Central America, Mexico and the United State 

T. C. SCHNEIRLA, Chairman 
North American branch, I. U.S. S. I 


Jan. 15, 1954 





THE INHERITANCE OF DDT-RESISTANCE IN 
THE HOUSE FLY’! 


DAVID PIMENTEL,? H. H. SCHWARDT, anp J. E. DEWEY 
Cornell University, Ithaca, New York 


This study, the fourth in a series of laboratory studies on house fly 
resistance, was undertaken in an attempt to find the genetic basis for 


insecticide resistance 


METHODS 

Two strains of house flies were used in this study. The laboratory 
strain was obtained from Geigy Company’s standard N.A.I.D.M 
stock in the latter part of July, 1949. This strain, hereafter referred to 
as the non-resistant strain, was maintained in the Cornell Insectary for 
9 generations without exposure to any insecticide before eggs were col- 
lected for this experiment. The larvae were reared in standard N.A.I 
D. M. medium. The eggs were selected at random from the stock 
culture over a two day period. About 7000 eggs were used each genera- 
tion to maintain the strain. Since emergence extended over a period 
of 4 days, 1000 flies were selected at random at the end of the fourth 
day from the stock culturt 

The DDT-resistant strain of flies was collected in September, 1949, 
from a Tompkins county dairy barn which had shown unsatisfactory 
fly control after it had been treated the previous June with a spray con- 
taining 60 pounds of 50 percent DDT wettable powder in 100 gallons of 
water. Eggs were collected from this strain of flies for 7 days. All the 
resulting progeny were allowed to emerge in one large cage. Three 
days after the last fly emerged 5000 eggs were collected at random 
during a two day period. Each 1000 eggs were placed in separate one 
gallon rearing jars containing standard N.A.I.D.M. medium. After 
all the larvae had pupated approximatley 200 pupae were selected at 
random from each of five rearing jars. The 1000 pupae were placed in 
one cage until the adults emerged. The procedure for the 3rd genera- 
tion was the same as that used in the 2nd generation, except that 10,000 
eggs were used. The extra flies were used to measure the level of DDT 
resistance of the resistant strain. At the 3rd generation the DDT- 
resistant strain was calculated to be about 7000 times as resistant as 
the non-resistant strain. 

Since it has been shown that within a given larval population degree 
of resistance is directly proportional to the duration of the larval period, 
flies used in these tests were always reared from larvae representing 
the complete range of duration of larval period (Pimentel ef al, 1951). 
Thus a sample representative of the whole population was obtained 
The flies emerging within a given 24 hour period were held 2 days before 
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they were exposed in the test cages. At least five replicates using about 
200 flies each for every strain were exposed to each of five concentration 
of DDT for 12 hours. At the end of the 12 hour « xposure period all the 
flies knocked down or dead were removed and the sex determined. The 
term “knock down”’ designates all dead flies and flies on their backs 
which experience had shown ultimately died. The unaffected flies in 
the cages were killed and the sex determined Then for each of the five 
concentrations, the percent mortality of both sexes of each strain 
was plotted on log probability paper and the concentration necessary 
to produce a 50 percent knock down (IKKD 50) was estimated 

In order to measure the duration of the larval period of the non 
resistant and DDT-resistant strains, from each strain a total of 250 eggs 
which had been laid within a one-hour period were placed in a one-quart 
rearing jar. The test for each strain was replicated five times When 
the larvae were 3.5 days old, just before pupation started, the dry top 
medium was removed from the rearing jars. A dry pad of cheese cloth 
was placed over the wet medium to provide a pupation site. The pad 
was removed every 12 hours and replaced with a fresh one. Throughout 
the pupation period the larvae pupating in the pads were removed and 
counted. The duration of the larval period for each strain was then 
calculated 

In order to study more accurately the inheritance of resistance an 
effort was made to obtain a pure line of DDT-resistant flies, since previ 
ous experimentation proved that the DDT-resistant strain obtained 
from the field was not a pure line. A group of flies, hereafter designated 
as Ax, was selected at random from the DDT-resistant strain and conti 
nually selected by sublethal dosages of DDT. Twenty thousand flies 
were reared for each generation For each generation flies emerging 
within a given 24 hour period were held an additional 24 hours befor 
exposure to DDT. The flies were placed in cages treated with about 
1,000 milligrams of DDT per square foot and were kept in cages until 
98 percent were knocked down. By the 5th generation approximately 
3 percent of the flies could survive an exposure of 2.5 weeks on a deposit 
of 4,000 milligrams of DDT per square foot. The KD 50 of strain A, at 
this time was at least 10,000 times that of the non-resistant strain 
After the 5th generation the flies were aliowed to emerge directly into 
cages treated heavily with DDT. By the 20th generation, 70 to 8O 
percent of strain A, could survive an exposure of 2 weeks on a deposit 
of 4,000 milligrams of DDT per square foot. From the 21st to the 25th 
generation only those flies from larvae that pupated during the last 
3 days of the extended larval period were selected to heavy dosages of 
DDT. This was done because previous experiments showed flies from 
larvae which pupated last were more resistant to DDT than thos¢ 
pupating early in the period (Pimentel ef a/, 1951). It was hoped that 
this more exacting selection would insure a pure line resistant strain 

The inheritance of resistance was studied by making reciprocal 
crosses between the non-resistant and DDT-resistant strain. Repre 
sentative samples consisting of 1500 non-resistant and 1500 DDT- 
resistant pupae were placed in separate test cages. For every two-hour 
period thereafter the flies were sexed as they emerged. Reciprocal mat- 
ings were made with the first 500 males and females emerging. DDT 
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le crossed with non-resistant males will hereafter be 

I and non-resistant females crossed with DDT-resistant 

males will be known as Cross II. Three days after the matings were 
made a al of 10,000 eggs were collected at random for a period of 2 
day After all ie larvae had pupated 200 pupae were se lected at 
random from fiv the rearing jars. Eggs were collected from the 
progeny 3 days af the last fly emerged. This same procedure was 
followed f ach succee ding generation The resistance to DDT and 
the duratio: the larval period of the crosses was measured and com- 
pared to thi original strain. These crosses were studied for 20 


é 


uccessive generation: 


RESULTS 


After 20 generations of inbreeding and selection to DDT a strain of 
flies was developed which was highly resistant to DDT At the 20th 
generation, 70 to 80 percent of this strain survived an exposure of 4,000 
milligrams of DDT per square foot for a peroid of 2 weeks. When at 
the 20th generation part of this highly resistant strain was no longer 
elected to DDT, the DDT resistance of that part decreased. Thus 
a pure line resistant strain of flies was not developed by this method 
of inbreeding and exacting selection 

A homogeneous and late-pupating strain was not obtained even when, 
from 21st to 25th generation of this highly resistant strain, additional 
selection and inbreeding of flies from larvae which pupated last in the 
larval popuation was made 


TABLE | 


Tue Levets or DDT ReEsIsTANCE OF SEVERAL STRAINS OF HOUSE FLIES 


PER CENT CONCENTRATION OF DDT 
SPRAYED ON SCREEN TO PRODUCE 
4 KD 50 1n 12 Hours 
TRAIN 


MALt FEMALI 


Non-resistant 0.018 0.044 
Cross | 3.5 §.5 
Cross I] 2.6 4 

DDT-resistant 10.0 28.0 


The progeny of the reciprocal crosses were more resistant to DDT 
than the non-resistant strain, but were not as resistant to DDT as the 
DDT-resistant strain (Table 1). There were no individuals in the pro- 
geny through the 5th generation either as resistant or as non-resistant 
as the parents. Through the 4th generation the progeny of the DDT- 
resistant female crossed with the non-resistant male, Cross I, was signi- 
ficantly more resistant to DDT than that of the non-resistant female 
crossed with the DDT-resistant male, Cross II. Thus the female flies 
of each parent strain tufluenced the progeny more than the male flies 





1954] Pimentel et al.: DDT-Resistance in house Fly 211 


Beginning with the 6th generation, the levels of DDT resistance of 
tly different. The resis 


the progeny of both crosses were not significantly 
tance to DDT exhibited by both crosses decreased rapl lly for the first 


6; generations, leveled for the next 9 generations and then slowly 
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The levels of DDT resistance of Cro I and Cro I] 
for 20 generations 


decreased until by the 20th generation of no exposure to insecticide the 
resistance of both crosses was lost (fig. 1). Note the decrease in resist- 
ance of the female flies of both crosses was more variable than that of 


the male flies 
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The progeny of the DDT-resistant female and non-resistant male 
ignificantly longer larval period for the first two generations 
than the progeny of the reciprocal cross (Table II, Fig. 2). This sub- 
tantiates the finding previously mentioned that the female flies of each 
more than the male flies. Beginning with 


CTO had a 


train influenced the progeny 





PER CENT PUPATING 











OAYS AFTER MATCHING 


arval period of several strains of house flies. 
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the 3rd generation, however, the duration of the larval periods of the 
crosses were not significantly different By the 4th generation the dura- 
tion of the larval periods of the crosses was the same as that of the non- 
resistant strain. 


TABLE II 


LARVAL PERIOD OF PROGENY OF NON-RESISTANT FLIES CROSSED 
WITH DDT-RESISTANT FLIES 


LENGTH OF LARVAL PERIOD IN Days 


GENERATION 
Cross II 


*The number of Cross I and II larvae which pupated on the 5th day was not a 
large as the number of non-resistant larvae which pupated on the 5th day 


SUMMARY 


Rigid selection and inbreeding of a highly DDT-resistant strain of 
flies did not result in a homogeneous population 

When reciprocal crosses of DDT-resistant and non-resistant flies 
were made the progeny were approximately intermediate between the 
parent strains in their levels of DDT resistance and the duration of the 
larval period. No individuals in the progeny were either as resistant 
or as non-resistant as the parents through the 5th generation 

The female fly influenced the progeny more than the male fly, yet 
the resistance was not sex linked. 

Without further exposure to DDT resistance of both crosses 
decreased and by the 20th generation of inbreeding the progeny of both 
crosses showed no resistance to DDT 
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UBER DA CHLUPFEN DER ZIKADEN (HOMOPTERA AUCHENOR 


RHYNCHA) AUS DEM EI (2. BEITRAG ZUR BIOLOGIE MITTEL 
LEUROPAISCHER ZIKADEN) by H. J. MuLLer. - Zool 


soologica, Stutts 
‘ > rl 


| Europe 
n other 
ARAEOPIDAI DELPHACIDAI 


Conomelus limbatu 
Vagamelus notula 


lugubrina 
Stednocranus minutus, Keltista tt 


COLL 
(IXIDAI Cixius nervosu 
IASSOIDEA: “TETTIGELLINAI Teth 
[ YPHLOCYBINAI Tl yphlocyba roa crocea, kKuscelts 


plebejus, Macrosteles sexnotatus, Allygus commutatus, Cicadula frontal HECALINAE: 
hk UPpelix ¢ us pidala 


la (Cicadella) viridt 
e. ATHYSANINAI Vocydia 


(ERCOPIDAI Philaenus spumariu 


lhe common species usually deposit matured eggs in plant tissue Heret 
yattern of hatching mechanism has been established. But in the pr 

all the modifications of the experiments that have been devised 
lich occurs 1 an} riations, has a similar pattern, anc 

ture it has been found also that the related Capsidace 
Heteroptera) have a similar 


This hat hing mecha 


from studic 
of 


Hemipter 


i imilar for all the examples and is the result of the 
erosa; therefore, the organization and development of two example 
gora (that is, Dictyophara) and Cixius are described and illustrated carefully 
egg develops a pressure at the beginning of the hatching process which swell 
ya result of the concentration of an increasing hatching 
pressure This swelling form more or less arched hatching 
After this the brittle chorion pl ts along i characteristic cle 
of the embryo is facilitated by the pre 


chorion and widen 


ecretion 


avage line. ‘lhe egre 
ure of the plant tissues which squeezes the 
the cleavage plit in the chorion 
The previously mentioned hatching 
apical remnant of the serosa In the beginning the anlage of the head i 
but then, before hatching 1 compl ted, there is formed 
epithelium over the vertex of the hatching embryo 

1 the amniotic fluid which ha 
orb ie watery hatching secretion and distends itself thereby 
wolle: ling vesicle here develops next through the 
movemet! of the abdomi egments with the passive a 
pine like, tooth like or knite-like embrvyoni 
itself from the embryonic cuticle It free 
egg shell but likewise from the plant t 
n contact with either 


ecretion is obviously product of the 


covered, 
a cylindrical glandular 

The now free fron been absorbed, 
ib to the maximal 
active wedge-like 
istance of many pairs of 
structure which cause it to fre 
itself in this manner not only from tl 


ie 
issues in which it is imbedded without coming 


Next after the splitting of the cuticle of the serosa comes the expansio 
brum, the inhalation of air, and by the central pressure thus created the 
elevated and the greater emergence from the egg shell bring 
shedding of the embryor 


about ins 


cut le 

Ihe hz tching ve icle of the different pecies 1s more or le trongly developed 
according to the depth of the insertion of the egg, the sharpness of its apex, and the 
distance between the ape x of the egg and the surface of the plant (and finally to the 
tensile strength of the host tissue Also in single cases in the various taxonomi 
groups, for exam there will be individual variation in the type of the splitting of 
the chorion, at h i ning of the egg shell in the plant tissue which is the sup 
porting wall for the hatching eruptor. Also of importance is the formation of the 
pattern, the development of the hatching vesicle, the’speed of the disap 
of the hatcl ecretion, the pushing out of the embryo in the hatching 

et ceter: many variations in the series of processes met with in the 
uninserted egg enables one to understand them better Che same things are true 

order in which these thing 


t 
Che understanding of the h 


tematic relation hip and 
11. 


iologically §1 Liz nse make evident finally ] 


tne 
position in which the hatching mechanism develop 
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ENTOMOLOGICAL SOCIETY OF AMERICA 


Proceedings of the First Annual Meeting following the 
consolidation of the American Association of Economic 
Entomologists and the former Entomological Society 
of America 


December 7 - 10, 1953 
Los Angeles, California 


The newly organized Entomological Society of America held its first 
annual meeting at the Biltmore Hotel. <A total of 673 entomologists 
registered, not all of whom are members of the Society. About 100 
other emtomologists and members of families are believed to have 
attended 

During the two days prior to the beginning of the meeting, and 
during the four-day meeting period, the Interim Governing Board held 
various meetings. The 1954 Governing Board met on the afternoon of 
December 10. While many matters of policy were discussed, the main 
items of business on which definite action was taken are indicated in the 
report of the two general business sessions of the Society, which ar 
published on the following pages One of the first matters discussed 
by the Interim Governing Board was the financial condition of the 
Society and the appointment of a salaried Executive Secretary. Dr 
Ashley B. Gurney ol Washington, D. C. was appointed, eflective 
January 1, 1954, with a brief period as Acting Executive Secretary 
subsequent to December 15, 1953, the exact dates of that service to be 
arranged to the mutual satisfaction of Dr. Gurney and the retiring 
Interim Secretary-Treasurer, Dr. E. N. Cory. (The actual transfer of 
responsibility later occurred on December 19 

Various special committees were appointed in 1953, and their reports 
were received by the Interim Governing Board. Unlike the reports of 
regular Standing Committees of the Society, however, reports of most 
special committees will not be published. Reports of several Section 
and Sub-sections, dealing with Section and Sub-section sessions at 
Los Angeles, have been submitted, and it is expects d that the essential 
data in those reports will appear later in newsletter form. Likewise, it 
is anticipated that a list of members and data on membership growth 
will be published later. It should be noted that the financial report for 
1953, as taken from the Audit Report, is not representative of a current 
business year, because bills for dues and subscriptions were sent to mem- 
bers twice in 1953. This situation was peculiar to the first year follow- 
ing amalgamation 
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PROCEEDINGS OF BUSINESS MEETINGS 
Opening Session, December 7 


The meeting was called to order at 9:45 by Roy E Campbell Chair- 
man, Local Arrangements Committee. The National Anthem was 
followed by the Pledge of Allegiance to the Flag. Mr. Campbell and 
C. H. Littooy made several local announcements. Pres. Charles E 
Palm brought greetings from the Entomological Society of Canada, 
and he briefly outlined procedures to be followed, for program purposes, 
in recognizing new sub-sections for the next Annual Meeting 


PRESIDENT-ELect H. H. Ross took the chair and presented PRESIDENT Paco, 
who gave the presidential addre 

PRESIDENT PALM then took the chair again and paid a high tribute to Dr 
ERNEST N. Cory, retiring Secretary sasurer, and Pror. L. M. Pratrs, retired 
Editor of the Journal of Kconomi Entomology 

Dr. PaLM spoke as follows: ‘‘Through the years it becomes more evident 
that among our truly great possessions in this life are the friends we make. In 

great organization there are a few who by interest, ability and self-sacrifice 
and genuine love of their fellow man, render service and friendship to all member: 
above and beyond the call of duty. The unfortunate part about it is that usually 
the efforts of these men and women appear to be taken for granted without proper 
recognitior 

“Dr. Ernest N. Cory and Dr. Leonarp M. Peratirs for many long year 
have served the profession of entomology in a very real and noble sense through 
their work as Secretary-Treasurer of the American Association of Economix 
Entomologists and as Interim Secretary of the Entomological Society of America, 
and as Editor of the Journal of Economic Entomology. Their friends in the 
profession are in all parts of the world 

‘‘] deem it a very great privilege to have been selected by this host of friends 
to act as their spokesman, to express publicly the genuine affection that we feel 
for Dr. Cory and Dr. Prarrs, and to say once again, with all sincerity, thank 
you for the grand job well done ‘or entomology and for your friendship through 
the many pleasant years of the AAEE. We appreciate also your continuing 
help during this transition period of building a new and broader organization, the 
Entomological Society of America 

“As a token of our great esteem, Dr. Cory and Dr. PEAIRs, your multitude 
of friends from the old American Association of Economic Entomologists and 
now the new Entomological Society of America, have asked me to present to 
you these gifts, with the hope that they will ever remind both of you daily of our 
affection for you and of our deep appreciation for all you have done and are doing 
for all of u 

A watch was then presented to Dr. Cory and the entire assembled audience 
rose in tribute. Dr. Cory spoke briefly and acknowledged the high tribute 
which had been accorded to him by his many friends. Dr. PALM explained that 
a similar watch would be sent to Pror. PEAIRS, who was unable to attend the 
meeting. Dr. R. L. Ustncer and Mr. L. S. HitcHNER then presented scheduled 
invitation addresses, following which was a brief intermission 


PRELIMINARY BUSINESS MEETING 
PRESIDENT PALM introduced Dr. A. B. GURNEY, who spoke briefly in acknowl 
edgment of his forthcoming responsibilities as Executive Secretary. The 
President acknowledged the fine work of HowARrD BAKER and other members 
of the Program Committee, and of many others who contributed to making 
the Annual Meeting successful 
Dr. Cory gave a report on the business affairs of the Society, including the 
audit of November 30, 1953. He moved, Dr. H. M. Harris seconded, that 
the report be accepted Carried 
PRESIDENT PALM briefly discussed the Standing Committees, and Dr. Cory 
presented the narnes of those previously agreed upon by the Interim Governing 
Board. ‘There were no nominations from the floor. Dr. Cory moved, H. M 
ARMITAGE seconded, that the nominees be elected Carried. 





1954] Proceedings of First Annual Meeting 217 


The following Committees were elected and the re pective ¢ hairmen were 
later selected by PRESIDENT-ELEct Ross 
Membership Committee: Committee on Insecticide Terminology 
A. F. KIRKPATRICK ALLEN B. LEMON 
HERBERT KNUTSON MILLARD SWINGLI 
SHERMAN W. CLARK C. Q. Eppy 
L. C. MURPHREE Gero. S. Kippo 
P. W. OMAN CLYDE W. KERNS 
H. H. Schwarpt, Chairman H. L. HALLER, Chairman 


Program Committee: 
R. C. BUSHLAND 
C. C. ALEXANDER 


Committee on Entomological 
Nomenclature: 


C. W. SABROSKY, Chairman 


Committee on Common Names of 
Insects: 


GEORGE STEYSKAI 
Howarpb E. Evans 
RICHARD M. BouaAri 
STUART WALLEY 


A. V. MITCHENER C. W. SABROSKY 
D. E. PARKER J. C. BRADLEY 
H. O. DEAY P. W. OMAN 
J. B. Scumit1 C. D. MICHENER 
A. E. MICHELBACHER R. L. UsInGER, Chairman 
D. ELmMo Harpy 
T. R. Ross 
C,. E. Smita 
R. I. SAILER, Chairman 
Dr. Cory exhibited Index XI of the American Economic Entomology, 
stated that Volume IX is now ready for the printer 
PRESIDENT PALM made several brief local announcement 
Adjournment at 12:10 P. M. 


Final Business Meeting, December 10 


The meeting was called to order at 10:25 by Pres. Palm, who 
announced that all routine reports of Standing and Special Committees 
had been received by the Governing Board and accepted with thanks to 
all concerned for their unstinting efforts in the interests of the Society 


1. Dr. GEorGE C. DECKER presented two reports, that of the Special Com 
mittee on Welfare of Entomology, which especially concerned reorganiza 
tional changes in the U. S. Dept. of Agriculture, and that on Insect Survey 
D. G. HALL reported on plans for the celebration of 100 years of professional 
entomology 
Dr. H. M. HARRIs reported for the special committee which studied the 
time and place of future annual meeting 
Dr. A. B. Gurney briefly reported on the activities of the Committee on 
Common Names of Insects 
Dr. P. O. RitcHER reported on his visit to the 1953 Annual Meeting of the 
Entomological Society of Canada, where he represented the E.S. A 
Dr. T. C. ALLEN presented the report of the Resolutions Committee and 
moved that it be accepted. Seconded by M. P. Jones. Carried 
It was announced that the Committee on Insecticide Terminology has sub 
mitted a report, and that it has been requested to proceed in preparing 
a list of terms for publication 
The reports on Publication Policy (Mills Report) and on the Journal of 
Economic Entomology (Upholt Report) were noted. They had been pre 
pared by special committees of the Interim Governing Board 
The encouragement given to an Annual Review of Entomology, as a result 
of a report from a special committee headed by Dr. EDWARD STEINHAUS, 
was noted 
It was explained that authors of papers presented at the 1953 Annual Meeting 
should notify the Executive Secretary if they plan to publish the paper 
outside. 
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FINANCIAL REPORT 
OF THI 
ENTOMGLOGICAL SOCIETY OF AMERICA 
From the Audit Report, by John A. Herl, Certified Public Accountant 
Dated Decembe r 2, 1953 
Statement of Receipts and Disbursements for the period January 1, 1953, 
through November 30, 1953 


GENERAL FUND, EXHIBIT A 
POTAI JOURNAI ANNALS ASSOCIATION 
BALANCE, JANUARY 1], 1953 

Funds Contributed by American 

Assn. of Economic Entomol 

ogist $14,710.§ 
Funds Contributed by Old Ento 

mological Society of America 512.9% 


RECEIPTS 
Subscription 
Advertising 
Reprint 
Back Numbers and 
Mi cellaneou 
Journal Paid Paper 
Member hip Dues 
Sale of Indice 
Interest on Bond 
Federal Income Tax—Withheld 
But Not Yet Paid 
Undistributed Cash on Hand 
Transfer of Funds from Thon 
Foundation 


lotal Receipt 71 $39,966. 


Fund Balances after Receipt 251. 5! $41,844 


DISBURSEMENTS 
Printing and Mailing Cost $38,069. 5 $23,933 
Engraving 8O8 569 
Salaries and Wage: Steno. and 
Clerical 6,680 49 2,932. 2% 





1954| 


rOTal 
Honorarium—Editor 1,200 
Honorarium—Bu Mgr. and 
pec’ y 1.000 
History of Ent World War II 1,000 
Postage, Stationery and Office 
Supple 3,094 
lravel and Meeting Expen 1,810 
Accour ting service DOD 
Ie lephone afl T iC yl 
Fidelity Bond Si 
Repaymer t of Loar 
Co 14,000 
Interest on Loan 178 
Advertising 31 
Mi cellaneou Exper ¢ 34 
Refund 226 


Federal Income Tax Withheld, 


1952— Paid 1953 269. : 


Total Disbursement $26,596 


BALANCE, NOVEMBER 30, 1953 $30,654 
RECAPITULATION 
Suburban Trust Co.—Checking 
Account 
S. Saving 


$23 O85 
Bonds—Series G, 
2,000 


5,569 


$30,654 
GENERAL FUN 


INDI 
BALANCE, JANUARY 1, 1953 
Funds Contributed by American 
Assn of Economic Entomol 


logi t 


Total Fund 
RECEIPTS 
Sale of Indice 
Undistributed Cash on Hand 
Transfer of Funds from Thoma 
Say Foundation 


Total Rece ipt 
Fund Balances afte 


DISBURSEMENTS 
Printing and Mailing 
Salarie and W: ye 

Clerical 
Honorarium— Editor 
Postage, Stationery 
Supplie 
Advertising 


Total Disbursement 


BALANCE, NOVEMBER 30, 1953 


LOO s 
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ANNALS ASSOCIATION 
200.00 


JOURNAI 
500.00 


OOO OO 
OOO. OO 


85 
16 
50 
24 


i” 


000 
178 


144.90 


$29,470.49 


EXHIBIT A 
THOMAS SA\ 
FOUNDATION 


CASH ON 


ENTOMA HAND 
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PERMANENT FUND, EXHIBIT B 


Statement of Rece and Disbursement 


‘ ipt 
For the Period January 1, 1953, Through November 30 


BALANCE, JANUARY 1, 1953 
Funds Contributed by American Association of Eco 
nomic Entomologist 


Funds Contributed by ld Entomological Society of 


America 


$19,292 


Total Funds A 
RECEIPTS 
Interest on Bond 
Interest on Savings Deposit 
Increment in Redemption Value of U. S. Savings Bond 
Series F 
Life Membership 
Total Receipt 622 
Fund Balance After Rece ipt $24,673 36 
DISBURSEMENTS 
BALANCE, NOVEMBER 30, 1953 $24,673 .36 
RECAPITULATION 
Securiltes 
FACE VALUI BOOK VAI 
2,000.00 Province of Ontario, 5°; Debenture Bonds of 
1959—Cost $ 2,000.00 
3,050.00 U.S. Treasury 27%%% Bonds, 1955-60—Cost 3,034.00 
,000.00 U.S. Savings Bonds, Series G—Cost 7,000.00 
5,500.00 U. S$. Savings Bonds, Series F—Current 
Redemption Valu 5,109.00 


$18,550.00 Total Securiti $17,143.00 
Ca h 

Cash on Hand 

Uncashed Bond Coupor 

Suburban Trust Company—Savings Account (AAEE Acct 

First Federal Savings & Loan Association (AAEE Acct 

First Federal Savings & Loan Association (ESA Acct 


Total Cash 7,530. 36 


PoTAL SECURITIES AND CASH $24,673.36 
SPECIAL JOURNAL FUND, EXHIBIT C 
Statement of Receipts and Disbursement 
For the Period January 1, 1953, Through November 30, 
BALANCE JANUARY 1, 1953 
Funds Contributed by American Association of Economic Ento 
mologist 
RECEIPTS 
Interest on Savings Deposi 


DISBURSEMENTS 
BALANCE, NOVEMBER 30, 1953 


RECAPITULATION 
Suburban Trust Company—Savings Account 
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THOMAS SAY FOUNDATION, EXHIBIT D 
Statement of Receipts and Disbursement 
For the Period January 1, 1953, Through November 30, 1953 
BALANCE JANUARY I, 1953 
Funds Contributed by Old Entomological Society of America 


RECEIPTS 


Sale of Books 
Interest on Savings Account 


Total Rec eipts 


Fund Balance Before Disbursement 


DISBURSEMENTS 
Transfer of Funds to General Fund $5,718.64 
Excess of General Fund Disbursements Over Receipt 244 64 


Total Disbursement 


FuND DEFICIENCY, NOVEMBER 30, 1953 


RECAPITULATION 
Ca h on Hand 
Suburban Trust Company—Savings Account 


Total Cash 
Less: Due to General Fund 


ToTaL DEFICIENCY 


REPORT OF THE MANAGING EDITOR OF THE ANNALS, EXHIBI 


Statement of Receipts and Disbursement 
November 2, 1953, to November 1, 1953 
BANK BALANCE, First NATIONAL BANK OF PULLMAN, NOVEMBER 6, 1952 
RECEIPTS 
Receipts from Columbus Office 
From Authors for Cut: 
Publication Cost 
Roy iltie 
Advertising 
Reprint: 


Total Rec eipt 


Fund Balance After Rex eipt 


DISBURSEMENTS 
Office Supplie 
Travel Expen t 


) 
ostage 


1 


| 
palarie 


Engraving 
Returned to Columbus Office (Check 
Spahr and Glenn, Publication Cost 


Service Charge (Bank 
Total Disbursement 


BANK BALANCE, First NATIONAL BANK OF PULLMAN, NOVEMBER I, 1953 


$1,002. 2% 


$1,282 
569 


1,04] 


155 
ws 


$3,057 | 


4.059 
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COMMITTEE REPORTS 
Report of the Resolutions Committee 


] Be é 12 IL7 "a ni h Entor ological por ety ol Americ A commit 
the Progran mmitte nsisting of Howarp BAKER, Chairman, 


HitcHNER, E. G. LINSLEY, and C. E. MickeEL, for arranging a most attra 
a 


instructive prograt A n t the requirement ol both economic ; id Da 


pna of entomolog 
1 this, the first 
broader under 
common 11 rest ~f both pplied and academic entomology for 

common wellare Ol a 

3. WHEREAS: Much of the success of our program was due to the high caliber 

e invitational papers, therefore 

Be it Resolved: that the Executive Secretary, A. B. GURNEY, be instructed 

vrite to each of these speakers expressing our appreciation 

4. Be it Resolved: that the Entomological Society of America commend 

efficient manner in which the following Committee on Local Arrangement 

functioned: Roy E, CAMPBELL, Chairman, W. J. F. Francis, R. N. JEFFERSON 

H. Lirtooy, R. L. Metcaur, H. J. Ryan, A. F. Swain, and C. H. York 

5 Be it Resolved: that the E.S.A. extend its thanks to Dr. CHARLES E 
PALM, the first President of the Society, for his able leadership and guidance 
during the first year of its existence 

6. Wuereas: E. N. Cory and L. M. PEaAtrs contributed many faithful year 
of unstinting service to the American Association of Economic Entomologist 
and he Ipe d pave the way toward the consolidation of the two societies, therefore 

Be it Resolved: that the new Entomological Society of America extend to 
them its thanks and best wishe 

7 3e it Resolved: that the E.S.A. request the Executive Secretary to 
write to the Entomological Society of Canada expressing our appreciation for 
their letter of good wishe: 

8. Be it Resolved: that the E.S.A. express its sympathies to the family of 
Mr. THomas W. Dent, who prior to his death was President of Spahr and Glenn 
Co., printers of the Annals of the Entomological Society of America 

9. Be it Resolved: that the E.S.A. express its appreciation to Mrs. WALTER 
EBELING and her Committee who so ably arranged an interesting program of 
entertainment for the ladies attending the meeting 

10. Be it Resolved: that the E.S.A. express its appreciation to the Hotel 
Biltmore for its facilities and courtesies extended during the period of thi: 
meeting 

1] Be it Resolved: that the E.S.A. express appreciation to Industry for 
its part in making the meeting a success 

12 Be it Resolved: that the E.S.A express it appreciation to those 
responsible for exhibits, registration, and projection. Special mention is also 
made of the fine publicity given our meeting by Howarp 5. Cook, Office of Publi 
Information, University of California Citrus Experiment Station, Riverside, Calif 

D. G. DENNING, 
PAuL O. RITCHER, 
T. C. ALLEN, Chairman 


Report of Committee on Common Names of Insects 


During 1953 the Committee continued work on proposals for additions to the 
List of Common Names, and for changes in existing names In the December 
1952 and August 1953 issues of the Journal of Economic Entomology lists of changes 
and additions passed by the Committee were published for approval or rejection by 
member From the total of 41 new names and two « hanges, several have been 
rejected, as shown in the August 1953 and future publication: 

A statement outlining various principles concerning common name activite 
prepared in 1952, was published in the February 1953 issue of the Journal 

Two ballots containing a total of 21 proposed additions and two changes were 
distributed to Committee members in 1953, and results will soon be available so 
that opinions of the general Society membership may be sought. A moderate num 
ber of propo als have been received from members recently, so that another group 
may be assembled in ballot form for the consideration of the Committee 
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This year the main objective has been a preliminary list of common 1 
the principal families and other outstanding groups Work on group name 
begun some years ago, following instruction from the £ lation in 1945, and we 


have taken the note of prev1ou Committee worker il 1 attempting to modit 
rable in arriving at a preliminary list of group name 
i new edition of the Common Name Li 


or add to them as may be desirab ni 
Tentatively in prospect for 1954 i 

one which will include an appendix of common names for groups of insect 

] of specie lhe upply of copies of the 1950 list is pra 


tion to the usual list 
exhausted, and also it 1 becoming out-of-date 
Respectfully submitted 
DONALD MacCrREARY A. E. MICHELBACHER JOHN B. ScHMITi 
PAuL O. RITCHER C. E. SMITH HOWARD ©. DEAY 


D. ELmo Harpy T. R. Ross ASHLEY B. GuRNEY, Chairmar 


Report of the E. S. A. Committee on Surveys 
December, 1953 


With each passing year insect surveys of various ty] have attracted 
increased attention, until today they are generally regarded as one of the impor 
tant and perhaps indispensable phases of entomological ; 

During World War II a number of so-called service surveys came into being, 
and the creation of a national survey designed to assure the early detection of pest 
that might be introduced into this country through accident or sabatoge was pro 
posed. Ata special conference on insect surveys held in connection with the annual 
meeting of the American Association of Economic Entomologists at Cincinnat 
Ohio, in December, 1951, it was recommended that, insofar as it was practical, all 
such surveys should be combined into a single cooperative venture, national ir 
scope, with the Bureau of Entomology and Plant Quart intine as the central clear ing 
house and final depository for survey record 

Since timeliness in the use of service survey information is very important 
your Committee at its meeting a year ago concurred heartily in the suggestion of 
Mr. Hoyt, chief of the Bureau of Entomology and Plant Quarantine, that all survey 
information be channeled through a clearing house in each State, where it could be 
prepared for immediate timely release locally as it was being summarized for for 
warding to the central office in Washington, D. C. In accord with this concept of 
truly cooperative State-Federal insect survey, all Bureau personnel were instructed 
to forward their notes and reports on current insect conditions to the State « learing 
house. This procedure has strengthened both the State and national insect survey 
programs. 

At the invitation of Mr. Hoyt, your Committee met in Washington, D. C 
on May 21-22, 1953, to consider the current status of the whole survey program 


“es, 
¢ 


and make recommendations for further integrating Bureau activities into thi 
program. At this meeting the organization, objectives, and current status of all 
survey activities underway in the various divisions of the Bureau were reviewed 

As one would expect, the Bureau has many divergent interests in survey work 
some of which are only indirectly related to the work of the economic insect detec 
tion and reporting service. Some surveys are still in the developmental stage and 
should properly remain in research divisions, others have to do largely with quar 
antine activities, and still others are closely related to large-scale control project 
The Committe therefore recommended that reorganization should proceed slow], 
ind that surveys closely associated with other project hould not be disturbed 
until it seemed advantageous and proper to do so, but that pertinent informatior 
obtained by such surveys should be made available to the detection and reporting 
section, preferably through the survey project leaders in the various State 
involved, except where the State leaders were disinterested, inactive, or directed 
otherwise 

The status of the several specific service surveys that sprang up during the war 
emergency period was considered at some length, and the Committee finally agreed 
that it could see little justification for the continuance of such services for the 
exclusive benefit of limited groups when other equally meritorious causes received 
no such consideration It, therefore, recommended that these pecifi ervice 
surveys be curtailed as rapidly as possible and that funds available for this purpose 
be distributed on a more equitable basi: It further recommended that such fund 
might best be allocated to cooperating States on a matching, or offset, basi The 


Committee also pointed out that, since surveys of thi pe were designed to render 
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t would aid farmers in the more efficient use of insecticides and other 
nsect-control me ure the allocations to States might be properly based on a 
formula that would properly take into account such factors as (1) the value of agri 
cultural production, (2) the duration of the service period (length of growing 
eason), (3) the importance of insect problems, (4) the availability of practical 
control measures, (5) the demonstrated or probable extent to which farmers could 
or would use the service, and (6) last but not least, the usefulness of data on migta- 
tory species to regions outside of the surveyed area. The Committee further 
uggested that cooperative agreements with States receiving an allocation of 
Federal funds contains a provision that individuals employed in this program be 
required to divide their efforts approximately as follows: important migratory 
pecies, such as potato leafhopper, beet leafhopper, corn earworm, armyworm, 
tobacco budworm, screw-worm, greenbug (50 percent); other species of interest to 
everal States in the area such as boll weevil and Europe in corn borer (25 perc ent 
ind problems of a strictly local nature (25 percent) 

The committee also recommended that increased attention should be devoted 
to the development of surveys designed to detect the possible presence of important 
insect pests in areas where they have not been known to occur heretofore. It wa: 
uggested that the five regional representatives of the Federal Insect Detection 
ind Survey Service might well devote a portion of their time to activities of this 
type, and encourage state leaders in their re pective area to expand their efforts in 
this direction. It was pointed out that more nearly adequate surveys of this type 
would produce data of inestimable value to regulatory officials charged with the 
responsibility of establishing and enforcing quarantine regulations and to ecologist 
and biologists interested in the geographical and ecological] distribution of specie 
It was also repeatedly emphasized that such surveys would be most likely to 
detect the presence ol any new insect pest that might have been introducted 
through accident or abotage 

In its report presented one year ago the Committee recommended that all 
members of the Association become identified with some phase of survey work 
lhe response was gratifying but by no means universal, and your Committee there 
fore wishes to urge again that each member of the Entomological Society of Amer 
ca become an active participant in this cooperative effort. 

Respectfully submitted, 
H. M. ARMITAGI KELVIN DORWARD L. S. HITCHNER 
W. C. NETTLES R. G. RicHMOND G. C. DecKER, Chairman 


Report of Special Committee on the Welfare of Entomology 
as it May be Affected by the Hoover Commission 


This committee was first appointed by President Boyce on February 4, 1949 
and a somewhat detailed report of the committee’s activities during the year 
following the release of the Hoover Commission report presented at the Tampa 
meeting was published in the Journal of Economic Entomology in April, 1950 

In the pring ot 1953, the committee was reactivated on a standby basis by 
President Palm. From time to time members of the committee, the chairman in 
particular, availed themselves of opportunities to raise questions relative to the 
reorganization of the U. S. Department of Agriculture with Assistant Secretary 
Coke, Dr. Shaw, and other In each instance it appeared that plans for the 
reorganization of the department did not involve significant changes 1n the organi 
zation of the Bureau of Entomology and Plant Quarantine. 

Following the release of Secretary Benson’s plan for the reorganization of the 
Department of Agriculture on Ocober 13, 1953, which did indicate that some radical 
changes in the organization of the Bureau of Entomology and Plant Quarantine 
were imminent, the committee arranged to meet in Washington on Sunday, October 
25, and the following day the committec pre ented its views to A sistant Secretary 
of Agriculture, the Honorable J]. Earl Coke. The views of the committee as set 
forth in this meeting were subsequently transmitted to Mr. Coke in a letter, as 
follows 

‘We appreciate very much the opportunity of talking with you today, and are 
filing thi tatement for your further consideration, as was suggested. As we 
tated, our Committee represents the Entomological Society of America, with 
over 3,000 members in the United States, Canada and Mexico. We were originally 
appointed in 1948 when the Hoover Commission Plan for reorganization of the 
Department of Agriculture was proposed. We sent you on October 12 a copy of 
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the statement which we presente d to Secretary Brannan in 1949, as , msider its 
reasoning still valid Our committee recommends, for efficiency and economy 


that all federal entomological work remain in one unit, as it has operated for nearl 
i century, except for the period from 1928 to 1934, when the research and regulatory 
work were separate bureau However, if the Administration is unalterably 
opposed to research and regulatory work in the same organization, we urge that the 


1 
1 
i 


closest possible coordination be arrange: 
“‘We have been greatly concerned over rumors that several entomologica 1 
research groups would bx split off and assigned to other organization than the 
Entomological Research Branch in the Agricultural Research Service. We are 
happy to have your definite assurance today that it is planned to transfer only 
Forest Insects. However, we respectfully present to you our unanimous opinion that 
this transfer of research on forest insects will not contribute to efficiency but may 
result in duplication of positions and equipment and more expensive operation 
As we stated, many forest insects are also pests of ore hards, shade trees and orna 
mentals, and the most practical and scientific approach to their control is throug! 
ingle entomological research unit which can supply control information to the 
Forest Service, farmers, orchardists, city and park officials, tree urgeons, com 
mercial sprayers, and others needing these research result [he same research on 
taxonomy biology and control will be of value to all the e group In no detract 
ing sense at all, we mav assume that the Forest Service is interested in ento 
mological research chiefly a it may be applied to Forest Service problem 
whereas the same research conducted in an overall entomological unit would have 
much wider application. It is our opinion, based on observations of other scientific 
groups that have been scattered, that entomologists working in the Forest Service 
will find it difficult to maintain the same ‘‘esprit de corps'' they would have in their 
own entomological organization. Also, state Extension entomologists, experiment 
tation workers, and the commerical insecticide and pest control industry will find 
it more difficult to keep close contacts with scattered groups than with a unified 
organization. We hope you may yet decide to leave forest entomologists in the 
main entomological branch 
‘‘Although our chief purpose in calling on you was to urge the retention of all 
entomological research in a single unit, may we again suggest that you give serious 
consideration to the formation within the Agricultural Research Service of a Divi 
ion of Plant and Animal Protection which could include all research in entomology 
plant pathology, nematology, weed control, defoliants, growth regulators, and any 
other subject logic ally falling into such a group While we cannot pe ik for other 
we know that many scientists working in the fields just mentioned would welcome 
inclusion in such an organization which could provide the team approach on so 
many interrelated problem: It is needless to more than mention the hundreds of 
cases in which insects and plant diseases are jointly responsible for crop damage 
ind for which joint control measures are used. Creation of such an organization 
would be espec ially applauded by the chemical and other industrial group dealing 
with these problems, as Mr. Hitchner informed you 
‘Thanking you again for the conference today and assuring you of our coop 
tion, we are ue 


(Signed by members of the Committee 


In separate personal interviews with Dr. Byron Shaw also held on October 26 
Drs. Lyle and Decker were advised that in the reorganization of the Bureau of 
Entomology and Plant Quarantine activities of a regulatory and large scale insect 
control nature would be separated from research activities, but that such activitie 
would be retained within the framework of the Agricultural Research Service 
where the work of the two groups could be effectively coordinated. It was indi 
cated plans for the transfer of forest entomology and forest pathology to the Forest 
Service had developed to a point where reconsideration seemed improbable at thi 
time The status of research on insects affecting grain and stored products sched 
uled for transfer to the Grain Marketing Division seemed a bit uncertain. Both 
men, however, were assured that aside from the activities just mentioned, the 
research work of the Bureau of Entomology and Plant Quarantine would be 
retained in one compact unit to be known as the Entomological Branch, which 
vould be grouped with the Field Crops Branch and the Horticulture Crops Branch 
under a Director of Crops Research, who would be directly responsible to the 
Director of the Agricultural Research Ser 
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While your committee regrets its presentations were apparently inadequate to 
convince the Secretary and his associates that all of the activities of the Bureau of 
Entomology and Plant Quarantine should be retained in one compact unit, it would 
appear that the efforts of the committee and the presentations made by many 
individual members of our Society were reasonably effective and successful. The 
plan for the reorganization of the Bureau of Entomology and Plant Quarantine as 
we know it today is far more acceptable than the plan proposed in the original 
report of the Hoover Commission 
Respectfully submitted, 
T. L. AAmMopt BaILey B. PEPPER 
GEORGE C. DECKER L. S. HITCHNER 
CLAY LYLE, Chairman 


Report of the Committee on Insecticide Terminology 


Working in cooperation with the Interdepartmental Committee on Pest Con 
trol, your Committee has approved for use in the Journal the name ‘‘coumachlor’’ 
for the rodenticidal chemical 3—(alpha-acetonyl-4-chlorobenzyl)-4-hydroxy cou 
marin and ‘‘dichlone”’ for the fungicidal chemical 2, 3-dicholoro-naphthaquinone-1, 
4. ‘‘Malathion"’ has been approved to replace ‘‘malathon.’’ 

In view of the interest in granulated insecticides the Committee recommends 
use of the term “‘granulated’’ rather than ‘‘granular,’’ because the former implies 
the result of a purposeful process rather than accidental or incidental granularity 
Its use follows the precedents of granulated sugar and the granulation of gun 
powder. Because of their coarse nature they should not be called granulated 
powder 

The Committee also recommends that the Editor of the Journal be requested 
not to accept for publication entomological data on chemicals, the composition of 
which is not fully disclosed. To publish results on a chemical designated only by a 
symbol or a generic name has little immediate value and practically none from the 
standpoint of permanent literature. The Committee recommends that authors 
again be requested to describe clearly and specifically the materials with which 
they were working, giving their nature and their composition 

In reporting experiments with formulations such as wettable powders and 
emulsifiable concentrates authors should give the concentration of the active 
ingredient and in indicating dosages make it clear whether they are in terms of the 
formulation or of the active ingredient. In certain experiments it may also be 
desirable to include other ingredients in the formulation. Reports of tests with 
unknown chemicals, designated only by laboratory number or other code, should 
not be given space in the Journal 

The Committee feels that there is a need for a readily available published 
listing of the common names of insecticides and interim designation of insecticide 
which have been approved by the Committee for use in the Journal. This listing 
should include common names and interim designations of pesticides, such as 
fungicides, which are frequently applied as part of an insecticide spray program 
The proposed publication would aid in bringing about the standardization of inse« 
ticide terminology in future papers to appear in the Journal. The Committee 
therefore recommends to the Interim Governing Board the publication of a revised 
listing of the common names of insecticides in the Journal of Economic Entomology 
and sufficient numbers of reprints for direct distribution to subscribers of the Jour 
nal. The Committee further recommends that sufficient numbers of reprints be 
made available for future reprint requests 

G. S. Kipo C. O. Eppy 
M. C. SWINGLE C. W. KEARNS 
H. L. HALLER, Chairman 


Report of Representative to the National Research Council 
Division of Biology and Agriculture 
The annual meeting of the Division of Biology and Agriculture was held April 
24, 1953, at the National Academy of Science: In attendance were representatives 
of 26 Scientific Societies, 6 governmental Agricultural Agencies, and officers and 


guests of the Division 
A motion was pas ed urging closer affiliation between the Division and the 


societies associated with it 
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Committees were appointed to undertake studies on (a) resources for animal 
used in research, (b) current trends and needs in biological education, and (c) sut 
vey of forestry research in the United States 

Committee reports included (a) plant and crop ecology to determine what is 
being done in plant science and what needs to be done for the national welfare, and 
(b) preservation of indigenous strains of maize for future research 

Committees in the Food and Nutrition Board reported on (a) dietary allow 
ances to reflect physiological well being rather than our tendancy to get fat as we 
grow older, (b) nutritionally adequate food supply rather than drugstore pro 
phylaxis (c) safety of new food ingredients, and (d) low-sodium and optimum 
fluoride levels for the population 

In this group the Committee on Food Protection has established three basi 
principles essential for judging the safe use of chemicals in foods under the headings 
(a) safety in the use of chemical additives in foods, (b) hazards encountered in 
the use of pesticides on foods, and (c development ol new agri ultural pestic ide 
intended for use in connection with food production. 

The American Institute of Biological Sciences, an association of 53 societie: 
with total membership exceeding 30,000, is concerned with (a) indexing and 
abstracting services, (b) business services of Journals, (c) job placement of 
biologists, (d) student needs in biological sciences, and (e) Handbooks of Bio 
logical Data. 

As member of the Advisory Selection Committee for Zoology 24 applic ation 
were reviewed for Fulbright Fellowship Awards for 1954-55. Three applicant 
were entomologists. Of the 45 applicants in 1952, 9 zoologists and 1 entomologist 
received award for the 1953-54 academic year. 

As pointed out in previous reports by your Representative the applicant should 
have an invitation for research or lecturing from the desired institution in a foreign 
country. Entomologists desiring foreign service should not hesitate to make 
application but the competition is keen.—FLoyp F. SMITH. 


Report of Representative to Agricultural Research 


Institute—Agricultural Board 


The second annual meeting of this organization was held November 22 to 24, 
1953 at the National Academy of Sciences. In attendance were representatives 
of 42 industrial concerns, 20 scientific societies, 18 governmental agencies, and 36 
State Experiment Stations and colleges 

The program consisted of addresses on the (a) relationship of the ARI with 
the National Research Council and Agricultural activities at home and abroad, 
(b) research attainments in Agriculture by Industry, U.S.D.A., and Land Grant 
Colleges, and (c) research activities of the Agricultural Board in the fields of 
Animal Sciences and of Plant Science Reorganization of the U.S.D.A. and plan: 
for greater efficiency in Agricultural research were discussed in a special addres 
by the Assistant Secretary of Agriculture. 

In a report by the projects and Proposals Committee the 200 suggestions solu 
ited from ARI members were classified under 16 broad categorie 

The committee recommendations to the Agricultural Board for further study 
included: 

(a) water in conservation and agriculture 

(b) farm machinery and mechanization 

(c) broad problem of fats and oils from the agricultural point of view 

(d) promotion of more effective cooperation at the research worker level 

between Industry and Federal and State agencies in all branches of agri 
culture such as is now in operation in grassland agriculture and the efficient 
use of fertilizer and lime 

(e) metabolic disturbances especially Bloat of cattle in relation to certain 

desirable legumes in pastures, and 

(f) plant diseases and pests with emphasis on the international problems, 

economic aspects, and testing problems and technique 

The ARI with participation by members of industry and governmental 
agencies and financial support by industry should encourage the various com 
mittees in the Agricultural Board to greater activity on their designated subject 

FLoypD F, SMITH 





Obituaries 


HIROHARU YUASA 
1900 — 1953 


The premature death on October 21, 1953 of Dr. Hiroharu Yuasa, from a heart 
attack, isa great blow to « ntomology , parti ularly ir Japan Dr Yuasa was one ot! 


the principal leaders in the field in Japan, and was extremely well liked. At the 
time of his death he was Chief, Division of General Affairs, Chief of the Division of 
Entomology, and Chief of the Library Division, of the National Institute of Agri 
cultural Sciences in Tokyo (Nishigahara), where he had worked since graduation 
Dr. Yuasa was born in Wada, Shimane Prefecture, W. Honshu, Japan, February 
1900. He graduated from the College of Agriculture, Tokyo Imperial Unt 
versity in 1926. In the same year he joined the staff of the Imperial Agriculture 
Experiment Station, as it was then called. After the war the organization was 
known as the Central Agriculture Experiment Station, and since 1950 as the 
National Institute of Agricultural Science In 1947 he became Chief of the 
Division of Er tomology , which might be compared with the position ol Chief of the 
the Bureau of Entomology and Plant Quarantine in the United States, though the 
ire differently constituted In 1948 Dr. Yuasa became Chief of the 


organizations 
Library Divi ion of the Institute In 1949 he became a member of the National 


Research Council, and also during the year made a three-month offiical visit to the 
United State: In 1950 he became Chief of the Division of General Affairs of the 
Institute, in addition to his other duti In 1951 he attended the Ninth Inter 
national Congress of Entomology at Amsterdam, and also studied type specimen: 
of Japanese Chrysomelidae at the British Museum In 1952 he received the degree 
of Doctor of Agriculture from Tokyo University and also became Lecturer in ento 
mology in the University in addition to his regular dutie 

Dr. Yuasa's interests were broad and his activities dealt with 
His particular fields were ecology, especially as applied to the 
analysis of damage to « rops by insect other aspet ts of insect biology and ( ontrol, 
as well as systematic entomology In the latter, his work wa largely limited to 
describing economic species and participating in some faunal works, such as the 
‘Iconographia Insectorum Japonicorum’ and some works on Manchuria. Hi 
the field of crop resistance to insect damage and 
deal to do with the de‘ elop 


several fields of 


entomology 


greatest contributions were in 
general analysis of insect damage, but he had a great 
ment in Japan of investigation on insect pests from modern standpoints. He laid 


particular emphasis on methods of studying insect damage and is given credit for 


establishing in Japan a new field called ‘gaichugaku’ or pestology His thesi 
dealt with resistance in the rice plant to the rice stem maggot. Dr. Yuasa made 
field investigations throughout Japan and the influence of his work is likwise felt in 
all parts of the country. He had revisionary work on the Japanese Chrysomelidae 
s, but did not have time to comple te it before his death 

chool days, in 1930, the writer keenly felt the influence of the 
who used to go ¢ olle« ting with him and others on week 
sits to his 


in progre 

As early as high s 
enthusiasm of Dr. Yuasa, 
ends, who frequently helped him with beetle identifications during vi 
office, and who imparte din him a dee p interest in the Chrysomelidae 

Hiroharu Yuasa should not be confused with Dr. Hachiro Yuasa, known 
his work on larval sawflies and now president of the new International Chri 
University in Tokyo. The two were not related.—]. L. Gressir1 


ty 


RALPH BROWNLEE SWAIN 


1912 — 1953 


Dr. Swain’'s brilliant career in entomology came to an untimely close when he 


wa hot by bandits on October 3, 1953, on the Pan-Americar Highw iy one hundred 
thirty miles south of Mexico City Cremation in Mexico City was followed by a 
funeral service in St. Louis and a memorial service in Newark, New Jersey Ir 
addition to his widow and two sons, Tomi Alfred, 12, and Ralph A., 10, he is 
survived by his parents and two brother 


DIK 
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Ralph was born in Benton, Illinois, October 20, 1912, and early showed an 
interest in nature study. He organized a bird club when twelve years of age, and 
at fourteen spoke ably at the St. Louis Bird Club's annual banquet about progre 

ive bird work done by Boy Scouts. He sat beside Mr. A. F. Satterthwait, who 
persuaded him to enter the insect collection contest of the Webster Groves Nature 
Study Society. Ralph chose to portray the insect food of selected birds, and 
exhibited the mounted, inflated larvae of about thirty species. Thus began Mr 
Satterthwait'’s valued influence on his entomological career While a student at 
Soldan High School in St. Louis, Ralph was elected president of the Botany Club 
tor two successive years He attended an A. A. A. S. meeting in New York City 

ind later the Boy Scout Jamboree in England, where he exhibited North Amercian 
nakes. These were left at the London Zoo while he visited neighboring countries, 
including Switzerland, and on his return the zoo gave him European reptiles in 
exchange. 

His first employment in entomology was in 1928 at Webster Groves, Missouri, 
as helper to Dr. Francis X. Williams of the Hawaiian Sugar Planters’ Association 
collecting billbug eggs parasitized by Anaphoides calendrae Gahan, for the purpose 
of introducing the parasite into Hawaii to control a destructive billbug, the sugar 
cane borer. Later summers: were spent working in Webster Groves in the Cereal 
and Forage Insect Field Station operated by Mr. Satterthwait, studying corn 
insects, sunflower insects, and parasites of the sunflower moth 

In 1934 he received a B. S. degree in entomology from Iowa State College and 
became a teaching fellow in zoology at Colorado State College (now Colorado A 
& M.) where he did research on parasites of the fall webworm and received his 
M.S. degree in 1936. After two years as graduate assistant in biology at the Uni 
versity of Colorado and a summer as range classifier for the Resettlement Admin 
istration in Montana, he was put in charge of a survey of Mormon cricket damage 
to crop and range plants in 1938. This project was completed in 1939 and became 
the subject of a thesis for his doctorate, received in 1940 from the University of 
Colorado. From that year until 1945 he investigated nematodes and disease 
parasitizing white-fringed beetles, and had charge of the Gulfport laboratory 
In 1945 he became one of the supervisiors directing the Foreign Plant Quarantine’ 
war-time survey for introduced pests in the vicinity of ports of entry, and also 
assisted the Air Corps in the development of insecticide sprays for airplane: 
Subsequently he became chief inspector at the Plant Quarantine Inspection House 
at Hoboken until he was chosen as an entomologist for the Point Four program of 
of the Foreign Agricultural Service and assigned to Managua, Nicaragua, in the 
summer of 1951. There he personified the ideal combination of technical know 
ledge and personal effort in teaching people, from administrators and agricultural 
students to laborers, how to work more effectively for insect control. At the mem 
orial service in Newark, representatives of the American and Nicaraguan govern 
ments testified to the high regard felt for him. Contributions from friends 1n bot} 
countries will be used for a memorial at the agricultural college in Nicaragua 
He had completed a two-year assignment there and after a vacation in the United 
States, was driving through Mexico enroute to Nicaragua with his family when he 

killed 

In December, 1938, Ralph was married in New York City to Miss SuZar 
Noguc hi They had met at the University of Colorado, where he was a well 
known art student and secretary to Dr. Norma LeVeque, faculty entomologist, and 
he was a graduate instructor. The common interests in art, music, and science 
which brought them together were cultivated, and flowered in the publication of 
‘The Insect Guide"’ written by Ralph and illustrated by SuZan. ‘Their two son 
hared their activities in nature study, photography, scouting, museum visit: 
music, and art. The family was a busy and efficient one, always gracious host 
Ralph was a member of the Association of Economic Entomologist the Ento 
mologi il Society of America, the New York Entomological Society ind the 
Kansas Entomological Society. 

His curiosity about birds and animals was enthusiastic and alert: on a trip 
during his graduate student days, he stopped the car and ran across a pasture for 
close look at a skunk, successfully accomplished on a face-to-face basis; it 
first one he had seen at large. After a imilar experience photographing : 

Yellows tone Park, he was yre atly plea ‘ d at seeing both moose and beaver 
there. On later travels his continued interest in rare birds was « 
kept everal rattlesnakes in his laboratory at Colorado A. & M A curio 
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unusual foods realized its opportunity in the foreign restaurants and food shops of 
New York, where his finds included squid, rattlesnake meat, and fried agave 
worms. This originality of thought was expressed in his scientific work as an inven- 
tiveness which was guided by his acute critical sense into the most productive 
lines of research. His self-reliance was shown by his complete dissection of fowl 
and fish skeletons for original charts. His outspoken sympathy for underpriv- 
vileged groups and individuals gave him an interest in the agricultural laborers of 
Central America which provided an added incentive to his mission of improving 
neotropical farming 

His colleagues will regret especially his loss to the profession and those who 
knew him more intimately will miss a stanch and realistic friend 
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two great 


insecticides... 


CHLORDANE 


CONTROLS THESE INSECTS 


Ants, Armyworms, Blister Beetles, Boxelder Bugs, Brown Dog Ticks, Cabbage 
Maggots, Cattle Lice, Chiggers, Chinch Bugs, Cockroaches, Cotton Boll Weevils, 
Crickets, Cutworms, Earwigs, Fleas, Flies, Grasshoppers, Household Spiders 
Japanese Beetle Larvae, Lawn Moths, Lygus Bugs, Mole Crickets, Mormon 
Crickets, Mosquitoes, Onion Maggots, Onion Thrips, Plum Curculio, Sarcoptic 
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Grubs, Wireworms . . . and many others 


HEPTACHLOR 


CONTROLS THESE INSECTS 


Alfalfa Weevils, Ants, Argentine Ants, Cotton Boll Weevils, Cabbage Maggots 
Chinch Bugs, Corn Borers (European), Corn Rootworms, Cotton Thrips 
Cowpea Curculio, Crickets, Cucumber Beetles, Cutworms, European Chafer 
Eye Gnats, Fleas, Flea Beetles, Garden Webworms, Grasshoppers, Japanese 
Beetles, Leaf Miners, Lygus Bugs, Mormon Crickets, Mosquitoes, Narcissus 
Bulb Flies, Onion Maggots, Onion Thrips, Plum Curculio, Rapid Plant Bugs 
Screwworms, Seed Corn Maggots, Serpentine Leaf Miners, Spittle Bugs, Sugar 
Beet Root Maggots, Sweet Clover Weevils, 7 arnished Plant Bugs, Tobacco 
Flea Beetles, Tomato Fruitworms, Tuber Flez Beetles, Turnip Maggots, Western 
Harvester Ants, White Grubs (June Beetles), Wireworm id many others 
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For complete, accurate, 
up-to-date information on 
PARATHION 


and 


MALATHION 


(also known as malathon) 


direct your inquiries to the 
developer of these important 


broad-spectrum insecticides... 


AMERICAN Cyanamid COMPANY 


Manufacturer of op hos Parathion Technical 
and MALATHION Technical 


AGRICULTURAL CHEMICALS DIVISION 
30 Rockefeller Plaza, New York 20, N.Y. 
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engravings are all printed alike on one quality of paper at the standard 414 x 6% 
inch size. If an author has tabular ma or illustrations that require another size 
or a special paper, such is obtainable only by special arrangement with the editor and 
at the expense of the author. 

Acceptable style and format depends to some extent on the subject matter 
to ‘ treated. Authors are referred to recent issues of the journal for the usual 
styles. 

Since the Annals is not a Sortges journal, permission to quote or to use 
illustrations is within the province of the author or authors. 

Authors will be charged for —_ at cost. Orders should be placed at the 
time the proof is returned to the Editor. 


Requests for membership and annual dues to members should be sent to 
ae Ashley B. Gurney, Executive Secretary, 1530 P St. N. W., Washington 5, 


SUBSCRIPTION RATES AND BACK NUMBERS 


The regular subscription rate for the ANNALS is $10.00, foreign postage 60 cents 
additional. Send remittances directly or through your agency. Foreign remit- 
tances are payable in U.S.A. funds, international money orders or UN coupons. 

Subscriptions from non-members, orders for back numbers, and complaints 
of a from subscribers or members are now being handled through the 
Columbus office. Letters should be addressed to Mrs. Helen S. Lanman, als 
- y- Entomological Society of America, Tne Ohio State University, Columbus 

, Ohio. 

Back numbers are furnished at the followi ices: Volumes 1 to 31, $4.00 
per volume, $1.00 issue; volumes 32 to 38, $6.00 } per volume, $1.25 per issue; 
volumes 39 to 45, $6.00 per volume, $1.50 per issue; volume 46, $10.00 per voiume, 
$2.50 per issue. 


THE THOMAS SAY FOUNDATION 


Vol. I—Sarcophaga and Allies of North America . ; . Price, $3.00 
By J. M. ALpric# 

Vol. Il—Plecoptera or Stoneflies of North America ; ; i 5.00 
By J. G. Neepuam and P. W. CLAAssEN 

Vol. I1I-—-Plecoptera Nymphs of North America . ; , 4.00 
By P. W. CLAASSEN 

Vol. IV—The Blowflies of North America é j ; 6.50 
By Davin G. Hai 

Vol. V—Aphids of the Rocky Mountain Region ; : : ; 10.25 
By Miriam A. PALMER 


Members of the Entomological Society of America will receive a ten percent 
discount on volume IV, if the purchase is a personal one. 

Send orders to J. J. Davis, Purdue University, Lafayette, Indiana. 

Orders outside the United States, Canada, Mexico and U. S. Possessions, 
50 cents extra per volume for Volumes I-IV. The price there of Volume V is $10.50. 


All accounts with the Entomological Society of America, or its oe 
owing by individuals or institutions without the United States should be paid by 
Postal Order or in American Dollars. 





CONTENTS OF THIS NUMBER 


PAGE 
PaLM, CHARLES E.—The Growing Responsibility of Entomology 
to Human Welfare—Presidential Address 


FROHNE, W. C.—Biology of an Alaskan Mosquito, Culiseta 
SED CAND a 5x oe 8-05 ivin pic RS bles a hod oa teenie 


PHiLtip, CORNELIUS B.—New North American Tavanidae 
(Diptera). VI. Descriptions of Tabaninae and New Dis- 
tributional Data 25 


KALAF, KAMEL—The Speciation of the Genus Culicoides (Diptera, 
Heleidae) 34 
BAERG, W. J.—The Brown Widow and the Black Widow Spiders 
in Jamaica (Araneae, Theridiidae) 52 
Woke, Paut A.—Observations on Central American Biting 
Midges (Diptera, Heleidae) 61 


AczEL, M. L.—Orthopyga and Campylopyga, New Divisions of 


Causey, NELL B.—The Millipeds Collected in the Pacific North- 
west by Dr. M. H. Hatch 


CONNELL, W. A.—Aphids From Plant Roots 


SIBATANI, ATUHIRO., MASAMI OGATA, YOSHIO OKADA, AND HIROMU 
OKAGAKI—Male Genitalia of Lepidoptera: Morphology and 
Nomenclature. I. Divisions of the Valvae in Rhopalocera, 
Phalaenidae (= Noctuidae) and Geometridae 


GALINDO, PEDRO., FRANKLIN S. BLANTON AND E. L. PEYToN— 
A Revision of the Uranotaenia of Panama with Notes on 
other American Species of the Genus (Diptera, Culicidae) 


WesstTER, A. P., AND JoHN D. DECouRsEY—The Catch Curve of 
Insects 


Goss, RicHARD J.—Ovarian Development and Oogenesis in the 
Book Louse, Liposcelis Divergens Badonnel (Psocoptera, 
Liposcelidae) 


PIMENTEL, Davip., H. H. ScHWARDT, AND J. E. Dewey—The 
Inheritance of DDT-Resistance in the House Fly 


Proceedings of the First Annual Meeting December 7-10, 1953... 215 
Obituaries 

Announcements............ 189, 207 
POON PICIONE fone os isa. fens eA 24, 33, 60, 74, 86, 106, 177, 214 


P2inTep in THE Unrrep Srates or AMERICA 
Tue Spaur & Gienn Company, Cocumsus, Ox10 





